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PREFACE. 



Whatever system a studeot in Cbemistry may 
prefer, he will often have occasion to regret, while 
studying- that system, the insufficiency of the gra- 
phic illustrations attached to the work. In all 
systems of Chemistry extant, apparatus for many 
different purposes are referred to without being 
figured iu the Plates j .and, although the books 
which do contain representations of such apparatus 
may, in many instances, be quoted, it too fre- 
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quently happens, that students, not having access 
to those books, are compelled to rest satisfied ivith 
mere description ; and, consequently, never acquire 
that full knowledge of some processes Tvbicb judi- 
cious description and graphical illustration com- 
bined are calculated to impart. In attending lec- 
tures, too, a studentmay not have time or opportu- 
nity to examine tbe furniture of the lecture-table 
so as to be enabled perfectly to comprehend the 
construction and principles of erery article of ap- 
paratus. 

Tbe design of the present publication is to 
remedy these defects, by affording representations, 
accompanied by suitable descriptions, of all tbe 
apparatus necessary for carrying on the multife- 
rious operations of PbiloBophical Chemistry. Free 
use has been made of the best authorities ; informa- 
tion scattered through many volumes has been col- 
lected together ; many original practical remarks 
and explanations have been introduced ; and it is 
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boped that the Woric may prove an important 
auxiliary to every system of Chemistry, an accepta- 
ble aid to students of Chemical Science, and a use- 
ful book of reference to general enquirers. 



LONDON, 

Oaober, 1824. 
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CHEMICAL APPARATUS. 



GENERAL NATURE 



CHEMICAL APPARATUS AND INSTRUMENTS. 

7hE tenn chemical apparatus is applied either gene- 
rally, to express the whole of the utensils and vessels 
that have been invented for the purpose of performing 
chemical experiments ; or, in a more limited sense, it 
is applied to those complicated instruments, for the most 
part of modern invention, in which a number of separate 
parts are combined into one whole. 

Thus, according to the first application of the term, a 
retort is an article of chemical apparatus; a receiver is 
another article; and these two, according to the latter 
method of applying the term, when combined, form out; 
of the simplest species of distillatory apparatus. 

As chemistry is a science founded entirely on experi- 
naent and operative research, it naturally furnishes more 
opportunities for signalizing the inventive genius of 
those who successfully pursue it, than any other branch 
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2 C/temical Laboraiory. 

of experimental employ ; aod hence there is hardly an 
operator whose mind has not suggested some improTe' 
ment or useful alteration in the construction of the 
instruments of experiment. But to the superior ud of 
modem instruments of research, chemistry is particularly 
indebted for its rapid advancement. In proof of this 
statement, the invention of the thermometer need only 
be mentioned. In the beginning of the seventeenth 
century, men were accustomed to judge the different 
degrees of heat and cold by their own feelings ; and the 
estimations thus formed, were often exaggerated, and 
always vague and fallacious. The acquisition of the 
thermometer first introduced certainty and precision into 
chemical research, and by detecting minute alterations 
of temperature, and changes of mutual relations, very 
important discoveries have been made. " Nothing 
tends so much to the advancement of knowledge as the 
application of a new instrument. The active intellectual 
powers of men in different times, are not so much the 
causes of the different success of their labours, as the 
peculiar nature of the means and artificial resources ia 
their possession."* 



Chemical Lahoratory, 

The place in which the operations of chemistry are 
carried on, is called the Laboratory. 

It was once thought, that a building erected on pur- 
pose, and regularly fitted up with furnaces and costly 
apparatus, was absolutely necessary for the pursuit of ' 
experimental chemistry. Ttus is by no means the case. 
The great improvements that have been made in the 

* Dftvy's Elements of Chemical Philosophy, p. 54. 
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Chemical Laboratory. 3 

'iDStrumentB of research, as well as in the art of expe- 
liment, have superseded this necessity. And although 
a laboratory is essential for carrying on, in the way of 
trade, those operations which furnish the chemical arti- 
cles employed in the arts and manufactures, and in the 
materia medico, the philosophical chemist, whose ope- 
rations afford products chiefly of value for the phenomena 
which they present, or the results which they exhibit, 
naturally endeavours to perforin bis processes on as 
small a scale as possible; for the same properties which 
characterise minute portions of matter, are also found in 
a whole mountain of the same substance. Indeed, expe- 
riments of research may always be performed with more 
facility on a small, than on a large scale ; and a great 
deal of expense is saved. And in addition to this, we 
may apply powerful agents, and the most expensive 
materials, which cannot be adapted to large quantities 
of substances. Thus, were it not for the effect of the 
electrical machine, the galvanic battery, and the blow- 
pipe, upon minute portions of matter, a vast number of 
important facts, which have changed the face of chemistry 
within our time, would have remained undiscovered. 
It was by operating upon grains of matter that the 
nature of the diamond was established ; that four new 
metals were detected in the ore of platina ; that the 
composition of the stones which fall from the clouds has 
been determined ; that the metallic basis of the alcalies 
Ims been brought to light ; and that the identity of the 
electric agency, whether excited by the common machine, 
or by the pile of Volta, has been demonstrated. There 
is, besides, a neatness gained by operating in the closet, 
which is incompatible with processes carried on upon a 
large scale, amongst the furnaces of the regular labo- 
ratory. 
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4 CltsTmcal Laboratory . 

In all miniftture processes we are enabled to obserTe 
the gradual changes which bodies suffer during their 
chemical action; it is jn our power to urge or to.retard 
the operations, and to ascertain each step of the experi- 
ment from beginning to end. These advantages can be 
valued only by those who know that the most attentive 
chemist frequently meets with accidents, by which both 
the vessel and products of the operations are lost, because 
he has not the power to ascertain the nature of the results 
as occasion may require. It is thus also that, among 
the furnaces of the laboratory numerous appearances 
pass away unnoticed, which are readily observed when 
the same operation is performed in the closet under the 
immediate eye of the experimenter. Besides, most of 
those investigations which, in the large way, require 
several days' labour, can, on a small scale, be finished in 
a few hours. The heat of the most violent furnace may 
iiistantly be produced by a stream of air, passing from 
a blowpipe through the flame of a candle or spirit lamp. 
A^nd by means of a portable furnace, the oxy-hydrogen 
blowpipe, and the table lamp apparatus, a vast number 
of ehemical operations may be performed, which formerly 
would have required a series of complex furnaces. 

The lamp furnace alone is sufficient for almost every 
one of the operations of chemistry in the small way, 
which require a temperature not exceeding a dull red ■ 
heat. The processes of digestion, sublimation, the solu- 
tion of earthy and metallic bodies, the concentration of 
liquids, all the multifarious processes of distillation by 
the sand-bath, and by the naked fire, the production of 
gases with the pneumatic apparatus,'and even the fusion 
of earthy minerals with alcalies for analysis, may com- 
modiously be accomplished, at a trifling expense, iu the 
closet, with the help of this instrument. Besides, the 
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Cliemical Laboratory. 5 

beat prodaced by the lamp-furnace has the capital 
advantage of being easily regulated, it may at pleasure 
be suppressed instantly, or maintained for several hours 
at a constant and determinate intensity ; and all chemists 
are acquainted with the extended use of the portable 
universal furnace; by means of it we are enabled to 
perform with ease, in the closet, all those processes 
Tvbich demand the application of an intense heat. 

I shall now proceed to give a sketch of a well-fur- 
nished laboratory, for carrying on a general course of 
chemical experiments. 

The pursuits of philosophical chemistry may be car- 
ried on in a common apartment, either on, or above, the 
ground floor. A room well lighted and ventilated, and 
having a common fire-place, may be made to answer 
exceedingly well. A laboratory on the ground floor is 
thought by ma6y most convenient, for the sake of water, 
pounding, and washing ; it certainly has these advan- 
tages, but it is also subject to great inconveniences, 
as constant moisture, though not very considerable and 
sensible, in many respects is a very great inconvenience 
in a chemical laboratory. In such a place, most salts 
and saline substances become moist in time, the gummed 
paper labels of bottles fall off, the bellows and many other 
articles rot and become mildewed, the scale-beams and 
metaU rust, and every thing almost spoils ; a room above 
the ground floor is therefore preferable. The only ad- 
vantage that can be derived from a ground floor is, the 
convenience of being easily supplied with water ; but 
this is not at all counterbalanced by the inconvenience of 
dampness. A laboratory, therefore, is more advantage- 
ously situated above than below the ground, that it may 
be as dry as possible. Let there be placed in the middle 
of the room a heavy table, ot kitchen dresser, with 
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6 Chemical Lioboratory. 

drawers below. This table may serve as the common 
place for operating. with the lamp-furnace, for makiDg 
preparations for processes, and in fact for all processes 
which do not require the intense beat of a furnace, or a 
forge-hearth. 

In the drawers may be kept blowpipes and their 
appendages; thermometers; glass, silver, and platina 
evaporating basons; and alembics ; porcelain, earthen- 
ware, and other tubes ; platina, silver, and glass rods 
and spatulas; eudiometers; gas bottles; hydrostatic 
funnels; weights; cubic inch measures; small crucibles ; 
stop-cocks; filtering paper; vials; corks; bladders; 
leather; packthread,- &c. 

The sides of the room may be fitted up with shelves, 
and one or more nests of drawers, such as are seen in 
apothecaries' shops ; a cupboard with shelves will also 
be found extremely useful. The shelves round the room 
may serve to support glass, earthenware, and other 
vessels; the nests of drawers and cupboard are useful 
to preserve the products of the operations and other 
dry articles. In one corner of the room, if it can 
conveniently be done, a common stone sink should be 
put up, with a reservoir containing an abundance of 
water. 

As the vessels are always cleaned in the sink, bottle 
brushes, wires, sticks of whalebone, sponges, towels, 
and^ rack for draining vials, ought to be near it. In 
another corner may he placed a heavy solid block of 
wood, to serve as a support fbr-mortars when pounding 
hard substances, and in which also an iron anvil may be 
stuck occasionally. Near this place should be bung, 
upon hooks, sieves of different textures, rasps, files, 
hammers, shears, pincers, scissars, &c. The fire-plaoe of 
the room should be made as wide as possible, to receive 
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Chemical Xaboratay. 7 

the portable furnaces, or a forge-hearth. Indeed, if 
it can be done, the opening of the chimney should 
extend from one wall to another; audit should be so 
high, that a person may easily stand under it. 

The rest of the space of the chimney ought to be 
fitted up with one or more stands of different heights, 
on which small portable furnaces and other apparatus 
may occasionally be placed. Under the chimney, at a 
convenient height, should be a row of iron hooks, driven 
into the back and sides of the wall, upon which are to 
be bung hand-bellows, shovels, crucible and fire tongs, 
pokers, ladles, ingots, and other utensils for managing 
the vessels to be used with the furnaces, and for 
disposing the fire. 

A book-case with glazed doors, to hold the nicer 
apparatus, such as balances, &c. and a few choice books, 
will likewise be highly convenient. If more than one 
room can be adapted for the purposes of a laboratory, it 
will be more advantageous to have one apartment on the 
ground floor and another in the upper story of the house. 
The first should be appropriated for the furnaces, and 
the performance of those processes which occasion smoke 
or corrosive vapours ; for sifting, pounding, evaporating 
and other processes which make dust or fumes; and in 
the upper room the nicer operations, and those which 
require the mere heat of a lamp, should be performed. 
This arrangement being made, the following articles 
should be procured : — 



DcmizedbvGoOglc 



lAsi of Instruments and Utensils, requisite for carrying 
on a general Course of Chemical Experiments. 

An universal furnace, with sand-bath, muffle and various 

kinds of crucibles and fire tongs. 
One or two table lamp furnaces. 
One flat chemical lamp, and one spirit lamp. 
One oxy-hydrogen blowpipe, and a common blow-pipe, 

with lamp, platina jets, spoon, forceps, andplatina foil. 
Chemical thermometers in sorts and sizes. 
One or two pneumatic troughs, with an assortment of 

bell-glasses, cylindrical receivers, and deflagerating 

jars in sizes, plain and graduated. 
One" or tw<j detonating tubes. 

Bell-glasses, mounted with stop-cocks, bladders, &c. 
An assortment of glass retorts with long' necks for pro- 
curing gases. 
One or two eudiometers, and smalt graduated glass 

tubes. 
A series of graduated cylindrical jars, divided into cubic 

inches and decimal parts. 
Various sized gas bottles, plain and tubulated. 
Two cast iron retorts with conducting tubes. 
Three or four large bladders, mounted with stop-cocks. 
One or two air-holders. 

An apparatus for impregnating fluids with gases. 
A pneumatic mercurial trough, and a suflicient quantity 

of mercury. 
One or two nests of cylindrical air-jars, adapted for the 

mercurial trough, plain and graduated. 
A gazomcter. 
An assortment of glass and earthenware retorts, plain 

and tubulated, with corresponding glass receivers, 

also tubulated, plain, and quilled. 
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Instruments and Utensils. 9 

One or two balloon receivers. 

A small copper still and refrigeratory. 

One large and one small glass alembic, and one of pore 
silver, with glass capitoL 

An assortment of earthenware and black lead crucibles, 
round, triangular, and skittle-shaped, with corres- 
ponding stands and covers for ditto. 

A specific gravity bottle. 

A cubic inch bottle. 

A steam bath, for drying precipitates. 

One pair df delicate scales, and corresponding weights. 

Two pair of common hand scales, and piles of weights 
for ditto. 

A galvanic battery, with apparatus, for the decomposi- 
tion of water, &c. 

Ad assortment of glass, porcelain, earthen and stone 
ware funnels, plain and ribbed. 

Three or four glass funnels, with long necks, for charg- 
ng retorts, 

Glass jars, in sizes, plain and with lips, f<{r decanting 
or precipitating fluids. 

Iron standards, with sliding rings for supporting retorts, . 
flasks, basons, and other vessels. 

A filtering stand. ' 

Two or three filtering frames. 

A series of test tubes and stand. 

Earthenware basons, with spouts, in sizes. 

An assortment of flasks, assay j.ar8, matrasses, and bolt- 
heads. 

Two or three Jiand-mortars of porcelain biscuit. 

One or two iron hand mortars, in sizes. 

A series of graduated glass measures, from 2 oz. to one 
pint capacity. 

Florence flasks, and stands for ditto. 

Various sized iron boilers and pans. 
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10 Instrument and Utensils. 

Kitchen tea kettles, and cast-iron boil^B. 

Pots, and saucepans, of tinned iron. 

Stoneware pipkins in sorts and sizes. 

Adopters of glass and eartbenirare. 

Steel spatulas in sizes. 

Small silver and platina spatulas. 

Flattened platina and silver wire. 

Glass and enamel rods, for stirring acid wd corrosive 

mixtures. 
Capillary tubes, and glass rods in sizes. 
Metal and glass syphons, in sizes. 
A vice fixed into a heavy block. 
A steel anvil and a small table anvil. 
Hammers in sizes. 

Flat, round, triangular, and rat-tailed files. 
Ingots and casting cones. 
Pincers, shears, scissars, and nippers- 
Iron ladles. 

Olass, silver, and earthenware spoons. 
Sockets and joints, for connecting stop-coeks, &c. 
Tubes of safety. 
Hydrostatic funnels, for pouring liquids into aif-tigfat 



Circular pieces of metal, and plates of glass for cover- 
ing deflagerating jars, &c. 

Copper deflagerating ladles. 

A writing diamond. 

A mask, to defend the eyes against accidents in chemical 
operations. 

Decanter and finger glasses, with tips, such as are used 
at table. 

Wine, ale, and beer glasses. 

Earthenware basons, tea-cups, and saucers. 

Wide and narrow mouth vials and bottles of all sizes, 
plain and ground stoppered. 
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Lutruments and Utensils. 11 

One or two small carboys, protected by a basket of 

wicker work. 
Stoneware and glass jars, with tin covert, 
t^arthenware plates. 
Hair, lawn, silk, and wire sieves. 
Planpel, linen, and cotton strainers. 
Tiles, slates, stone, and marble slabs. 
Earthenware and porcelain tubes. 
Gun-barrels and wrought-iron tubes. 
Gold, silver, platina, copper, and iron wire. 
Charcoal paste, for lining crucibles. 

To perform more extensive and specific researches, 
the following articles should be ready at hand : — 

A barometer. 

An electrical machine and Leyden bottle. 

A double-barrelled table air-pump. 

A hydrostatic balance, or Nicholson's hydrometer. 

A burning lens. 

A mercurial gazometer. 

A portable forge. 

Blowpipe table, with doublejitellows. 

A freezing apparatus. 

Wollaston's reflective goniometer. 

A mineralogical electrometer. 

A magnetic needle and deep magnifier. 

Flasks aod globes, for weighing gases. 

Lavoisier's calorimeter. 

Leslie's differential thermometer. ' 

Metal reflectors. 

An agate and steel mortar. 

An apparatus for decomposing the alcalies, 

A compound distillatory apparatus. 

A very delicate balance, and corresponding weights. 
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lAst of Chemwal Re-agents or Tests. 

Besides the before-named articles, a variety of othei' 
substaoces are necessary m cliemical pursuits ; Trhich 
may be coosidered as instraments requisite for the prac- 
tice of tlie science. These substances, which should 
he always ready at hand, are chemical re-agents or 
tests; they are employed in the practice of chemistry 
to ascertain the composition of other substances, upon 
which they quickly act, and produce, with them, 'changes 
sufficiently striking to the senses, from which the nature 
or quality of the unknown body may readily be inferred. 
The best chemists, at all times, have considered the 
study of these agents of infinite service to the successful 
practice of the science ; because the phenomena which 
they produce form an assemblage of facts which have 
singularly added to the progress of chemical philosophy. 
Their practical application demands no skill nor effort 
of mind ; they form the compass by which the chemist 
steers ; and it may be affirmed, that he who is intimately 
acquainted with the general action of chemical test's, 
knows all that the science has to offer. To this may be 
added, that many useful discoveries may be made by 
the mere help of tests ; because a general knowledge 
of the composition of bodies is sufficient to direct the 
application of the substances of nature to useful purposes 
in the affairs of life.* 

The most essential tests are the following. 

• A Practical Treatise on the Use arid Application of Chemical 
Tests, illustrated by Esperimeuts, with copper plates. Third Edition^ 
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Chemical Re-Agents or Tettt. 



Red-cabbage tincture, 
Litmus tincture, 
Turmeric tincture, 
Brazil wood tincture. 
Tincture of galls, 
Papers stained with these 

tinctures. 
Alcohol, 
ArseniouB acid. 
Acetate of barytes. 
Sulphate of silrer, 
Barytic water, 
Hidro-sulphuret of lime. 
Lime water. 
Acetate of lead. 
Muriate of bismuth. 
Muriate ofbarytes. 
Muriate of gold, 
Acetate of silver, 
Benzoat of ammonia. 
Tincture of galls. 
Liquid ammonia. 
Solution of starch, 
Carbonate of ammonia. 
Sulphate of soda. 



Muriate of tin. 
Muriate of lime. 
Muriate of platioa, 
Nitrate of lead. 
Nitrate of barytes, 
Nitrate of silver. 
Oxalic acid. 
Oxalate of ammonia. 
Potassium, 
Prussiate of potash, 
Prussiate of lime, 
Prussiate of mercury, 
Solution of soap in alcohol, 
Sulphate of silver. 
Succinate of soda. 
Polished plates of copper, 

iron^ and zinc. 
Sulphate of iron, 
Strontia water. 
Tartareous acid, 
Nitrate of mercury, 
Phosphate of soda, 
Tan, 

Nitrate of cobalt. 
Iodine. 



Fluxes for the Blowpipe. 

Vitrified borax, White flux, 

Vitrified phosphoric acid. Black flux. 

Dried phosphate of soda, Crude flux. 

Dried carbonate of soda, Powdered green glass. 
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Chemical Re-Agents or Teats. 



Salts, Saline Cmnpounds, 8fc. 



Carbonate of ammonia, 
Carbonate of baryt«», de 

tive, 
CarboDate of potasb, 
Carbonate of soda. 



Nitrate of copper, 
Nitrate of lead. 
Nitrate of potash. 
Nitrate of mercury. 
Nitrate of strontia, 



Carbonate ofstrontia native Oxy-muriate of potash. 



Muriate of ammonia. 
Muriate of lime. 
Muriate of strontia, 
Nitrate of ammonia. 
Nitrate of barytes, 



Sulphate of iron, 
Sulphate of potash. 
Sulphate of magnesia. 
Sub- carbonate of magnesia 
Sulphate of alumine. 
Oxides. 



Oxide of manganese. Black and red oxide of iroi 

Red oxide of lead. Brown oxide of copper. 

Red oxide of mercary, White oxide of tin. 

Sulphurets. 



Sulphnret of iron, 
Sulpfauret of ammonia, 


Sulphuret of lime, 
Sulphuret of potash. 




Acids. 


Sulphuric acid, 
Nitric acid. 
Nitrous acid. 
Muriatic acid, 


Oxy-muriatio acid, and 
Mixtures of these acids and 
■water in two or three dif- 
ferent known proportions 




Earths. 


SUex, 

Alumine, 

Magnesia, 


Barytes, 
Strontia, 
Lime. 
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Chemical Re- Agents or Tests. 



Potash, Boda, and solutions of these alcalles in water 
in diSnent known proportions. 



Iron filings, turning, and Silver leaf. 



wire, 

Copper and copptr clip- 
pings, 

Granulated zinc, 

L ead foil. 



Cktld leaf. 

Tin foil and filings, 

QuicksilTer, 

BiBmutb, 

ADtimony. 



MUcetUmeous Articles, 



White marble, 

Phosphorus, 

Sulphuric ether, 

Sulphur, 

Naptha, 

Oil of turpentine. 

Boiled lint-seed oil, 

Spirit vamisb, 

PUster of Paris, 

Windsor loam, 

Stourbridge olay, 

Idnt-seed meal. 

Common lute, for closing 
glass vessels, in prepa- 
ring all common distilled 
liquors, which are not 
corrosive,' 

Lute for confining acid and 
corrosive vapours. 



Fire lutes for coating glass 
and earthenware retorts, 

Cementfor stopping cracks 
in iron vessels intended 
to bear a red heat, 

Varnish for closely fitting ' 
bladders and bags to 
stop-cocks, and for ren- 
dering the joinings of 
small glass apparatus 
air-tight, 

Fire lute to join the covers 
of crucibles, so as to 
keep them air-tight, at a 
strong heat, 

Resinous cement for fixing 
tubes, &c. into glass ves- 
sels, to be air and water 
tight. 
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16 Chemical Specimens. 

In every well furnished laboratory there should also'be. 
ready at hand, specimens of the most important metals, 
salts, o&ides, and other substances not enumerated in 
this list. They may serve as articles of reference for 
private study, and other occasional purposes ; and are 
fTorth preserving even as a matter of curiosity. 

■ A person provided with such an assortment of 
instruments and substances, may at once perform any 
chemical experiment. He may perhaps occasionally be 
in want of a few articles of commerce, not mentioned 
in this list ; but these may be easily procured ia any 
situ&tion. 



Heat and Fiiel. 

The rays of the sun are used chiefly in the drying of 
vegetable substances ; and the only attentions necessary, 
are, to expose as large a surface as possible, and to turn 
the substances to be dried frequently, that every part 
tnay be dried alike. They are also sometimes used for 
promoting spontaneous evaporation. 

Alcohol, oil, tallow, wood, and turf, are occasionally 
employed in the laboratory. 

Alcohol, oil, and melted tallow, can only be btirot 
on porous wicks, which draw up a portion of the fluid 
to be volatilized and inflamed. These inflammables are 
therefore burnt in lamps of various constructions. But 
although commonly used to produce light, they aflbrd 
an uniform, but not high temperature ; this may how- 
ever be increased, by increasing the number and size of 
the wicks. Alcohol produces a steady heat, no soot, 
and, if strong, leaves no residuum. Oil gives a highsr* 
temperature, but on a common vidk produces much 
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smoke and soot ; these are diminished, and the light 
and heat increased, by making the surface of theflame 
bear a large proportion to tiie centre ; which is best 
done by a cylindrical wick, so eontrived that the air has 
free access both to the outside and inside of the cylinder, 
as in the Argand lamp. In this way, oil may be made 
to produce a considerable temperature, of great unifor- 
mity, and without the inconvenience of smoke. 

Wicks have the inconvenience of being charred by 
the high temperature to which they are subjected, and 
becoming so clogged as to prevent the fluid from rising 
in them. They must then be trimmed ; but this is sel- 
domer necessary with the fine oils than with the boarse. 

Wood, turf, coal, charcoal, and coke, are burnt In 
portable and fixed furnaces. Wood has the advantage 
of kinding readily, but affords a very unsteady tempe- 
rature, it is inconvenient from its flame, smoke, and 
aoot, and requires much attention. The heavy and 
dense woods give the greatest heat, burn longest, and 
leave a dense charcoal. 

Dry turf gives a steady heat, and does not require 
so much attention as wood ; but it consumes fast, its 
smoke is copious and penetrating, and the empyreumatic 
smell which it imparts to every thing it comes in contact 
with, adheres to them witit great obstinacy. The heavy 
turf of marshes is preferable to the light surface turf. 

Coal produces most heat, but it produces also much 
flame and smoke. 

Charcoal, especially of the dense woods, is a very 
convenient and excellent fuel. It burns without flame 
or smoke, and gives a strOngj uniform, and permanent 
heat, which may be easily regulated, especially when it 
ifl not in too large pieces, and is a little damp. But it 
is costly, and bums quickly. 
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Coke, or charred coal, possesses similar properties 
with charcoal ; it is less easily kindled, but is capable of 
producing a higher temperature, and burua more slowly. 
The best fuel, for general purpoaea of the laborattmf, is 
coke and charcoal mited tt^ether ; two or three parts of 
the former to one of the latter, broken into pieces of the 
size of an egg. The light porous coke, produced in the 
gas light process, by means of flat horizontal retorts 
makes a more easily manageable fire, than the dense 
heavy compact coke used by the smiths, and which is 
prepared either in the open air, or by means of the 
cylindrical retorts in the gas light process. The former 
is more readily kindled, it requires a less draught of air, 
and the fire is more easily managed. 

For experiments in the small way, spirit of wine is 
upon the whole the neatest and most cooTenieot fuel ; 
and hence the spirit lamp may be employed for most 
operations of chemistry as a very conTcnient mode of 
applying heat. 



Xmtes. 

Lutes also form a necessary part of chemical appa- 
ratus. They are compositions of Tarious substances, 
intended, 1, to close the joinings of apparatus; 3, to 
coat glass and other Tessels ; 3, to line furnaces, cruci- 
bles, &c. 

Iiutes of the first description are commonly employed 
to confine elastic vapours. They should therefore pos- 
sess the following properties; 1, compactness; S, tlw 
capabiUty of resisting acid vapours ; 3, the power of 
resisting a certain intensity of heat; and 4, facility of 
remoTal after the operation. 
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Viscid substances, as floor, starch, and gum, possess 
the 6rst and last properties in a sufBcient degree; they 
are therefore employed vrhea the heat is moderate, and 
the vapour not corrosive. They are mixed with water, 
and spread upon slips of paper or linen, which are 
wrapped round the joinings of the vessels, and if neces- 
sary, secured with packthread. 

Slips of bladder macerated in water, and applied 
with the inside next the vessels, are employed in the 
same circumstances; bnt irom their great contraction 
on drying, they are apt to break weak vessels. 

A paste, formed of almond or linseed meal and water, 
or mucilage, forms a very close and plastic late, which 
is easily removed. 

Quick-lime, reduced to powder, and well incorporated 
with a sixth part of muriate of soda, or with white of 
egg dilated with water, applied on slips of linen, dries 
easily, and becomes very hard. It is used for the 
distillation of the concentrated acids ; and for that pur- 
pose burnt gypsnm and water also answers very well. 
But these Intes must be used as soon as they are 
prepared, as tliey harden very quickly. 

Chalk and oil, or glazier's putty, is a very compact 
lute. It beoomes so hard as not to be easily removed. 
It is principally used for Ittting tubes into vessels for 
pneumatic purposes. 

A paste (^ powd^ed tobacco pipe-clay and drying 
oil, or, what is still better, amber varnish, is very close, 
adhesive, and plastic, and is easily removed; bat as it 
softens with beat, it must be secured by slips of lioen 
or thread, and will not adhere to the vessels unless they 
are perfectly dry. 

The same clay beat ap with as much sand as it will 
bear, without loosing its tenacity, with the addition of 
c 2 
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cut tow, and ft sufficient quantity of water, furoiaheB a 
Tory good lute, which has the advantage of resisting a 
considerable heat, and is applicable where the fat lute 
would be melted or destroyed. 

Clay and sand, in the proportion of one to four, form. 
an excellent lute, capable of resisting very high tempe- 
ratures, and the greatest number of corrosive substances. 
Eight parts of yellow wax melted with one of oil of 
turpentine, with or without the addition of some resinous 
substances, according to the degree of pliability and 
consistence required, form a very close and compact 
lute, through which the subtile corrosive vapours wUl 
not escape. But it is softened and liquified by heat, 
and therefore it cannot be used for purposes where 
high temperatures are required. 

The lute employed for the coating of glass vessels, 
with the intention of making them stronger and capable 
of resisting violent heats, without softening, consists of 
four parts of sand and one of clay, made into a very thin 
mass, and applied in successive layers, taking care that 
each coat be perfectly dry before another be laid on. 

In every instance where a lute is applied it is abso- 
lutely necessary to allow it to dry before the process is 
began ; and even the fat lute, by the exposure to the air 
during a few days after its ^plication, is much improved 
in its quality. Lutes composed qf clay and sand are 
perfectly useless, except they be permitted to dry. In 
applying a lute, the part immediately over the junction 
of the vessel should swell outwards, and its diameter 
should be gradually diminished at each side. 

The junctures of vessels which are to be luted to 
each other must previously be accurately and firmly fit- 
ted by introducing between them, when necessary, short 
bits of wood or cork, or if the disproportion,!^ very 
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great, by means of a cork fitted to the one Teaael, having 
a circular htjle bored through it, through which the neck 
of the other vessel or' tube passes. 

After being thus fitted, the Inte is rolled and worked 
between the fingers till it be softened, and is then formed 
into small cylinders, which are successively applied to 
the junctures, tEiking'care that each piece be made to 
adhere firmly and perfectly close in every part before 
another is put on. Lastly, the whole is secured by 
slips of linen or bladder. 

In many cases to permit the escape of elastic vapours, 
a small hole is made through the lute with a pin, or the 
lute is perforated by a small quill fitted with a stopper. 
Tlus, however, ia seldom necessary. 



General Observations on the Method of conducting 
Chemical Experiments. 



As chemistry is an experimental science it must '- 
be obvious to every one, that the knowledge of its 
facts is founded on practical research. And hence we 
eannot hope to pursue the study of chemistry with 
advantage, without performing such processes as verify 
most of the capital generalities of the science, and also 
such as reasoning, analogy, and a laudable desire of 
experimenting, never fail to suggest to those whose 
taste and talents lead them that way. In the most 
common operations of experimental chemistry, a vast 
number of small facts occur, not mentioned in books; 
but which are essential to be known, for if they were 
described as often as they present themselves in prac- 
tice, a great loss of time avould follow. They are too 
num^ous and too minute, and no advantage would be 
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gained ia perspicaiti^ ; and Ihe knowledge of these 
particulars can only be acquired by practice, and not 
from books or other means — tbe chemist teaches bim- 
aelf ! — Ipse sibi tradit spectator. 



To give success to operative research, tbe following 
general advice of Macquer and Dr. William Henry, is 
truly valuable : — In tbe performance of chemical expe- 
riments great attention is necessary 'to neatnefls and 
order. Let every jar or bottle of the laboratory have a 
label affixed to it, expressing the substance it may con- 
tain, except in cases where the nature of tbe contents 
is evident from mere inspection. Let the date and 
object of the experiment be regularly entered into a 
book kept for that purpose; such a proceeding will 
enable the operator to form a habit of accurate observa- 
tion, and will tend also to facilitate the acquirement 
of the art of describing chemical phenomena, with pre- 
cision, to do which, with selection and facility, is far 
from being an universal talent. 

Method, attention, order, and cleanliness are essen- 
tially necessary in chemical pursuits. Every vessel and 
utensil ought to be well cleansed as often as it is used, 
and when no longer required, put again in its proper 
place. These cares, which seem to he trifling, are 
certainly very fatiguing and tedious, but they are very 
important, though frequently little observed. 

Let the operator not engage in many different 
experiments at once, the consequences of which are that 
the attention is distracted, and many interesting ap- 
pearances pass unnoticed. 

When a person is keenly engaged, experiments suc- 
ceed each other quickly; some seem nearly to decide 
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the matter, and others suggest new ideas ; he cannot 
but proceed to them immediately, and he is led from one 
to another ; he thinks be shall easily know again the 
products of the first experiment, and ther^ore he does 
not take time to put them in order ; he prosecutes with 
eagerness the experiments he has last thought of, and 
in the mean time the vessels employed, the glasses and 
bottles filled, so accumulate, that he cannot any longer 
distinguish them, or at least he is uncertain concerning 
many of his former pursuits. This evil is increased if 
a new series of operations succeed and occupy all the 
labra-atory ; or if he be obliged to quit it for some time, 
every thing then goes into confusion. Hence it flre- 
qaently happens, that he loses the fruits of much labour, 
and that he^ must throw away almost all the products of 
his experiments. 

The only method of avoiding these inconveniences 
is to employ the cares and attentions above mentioned. 
It is indeed disagreeable to stop continually in the 
middle of the most interesting researches, and to employ 
time that appears very precious and considerable, in 
eleaoiDg vessels, arranging them, fastening labals on 
diem, &c. These employments are capable of cooling 
or retarding the progress <rf genius, and are tedious and 
disgustftil ; bat they are nevoiiieless neoessary. Those 
persons, whose fortune enables them to have an assistant 
operator, on whose exactness and intelligence they can 
depend, avoid many of such disagreeable cireumstances ; 
bnt they onght nevertheless to attend to the execution 
of these things. We cannot depend too mnoh on onr- 
selves HI these matters, however minute, on account of 
their consequences. This becomes even indispensable 
when the expmmente are to be kept seeret, at least for 
a time ; which is often necessary in chemical pursuits. 
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When new researchea and inquiries are nude, the 
mixtures, results, and products of all the operations 
ought to be kept a long while, disUnctly labelled and 
registered ; for these things, when kept some time, fre- 
q.uentl]r present phenomena, that nere not at all sus- 
pected. Many fine dist^Teries in chemistry have been 
made in this manner; and many have certainly been lost 
by throwing away too hastily or neglecting the products. 

It cannot be too much recommended to chemical 
operators, to be exceedingly upon their guard against 
imposing and deceitful experiments, which sometimes 
present themselves in practice. A circumstance seem- 
ingly unimportant, or not easily perceptible, is frequently 
sufficient to give the appearajice of a great discovery, 
by means of certain effects, which, nevertheless, are 
fonnd to proceed from some other cause. This is a 
common error which is often committed by those who 
have hastily studied Uie science. Chemical experiments 
depend on so many accessary things, that all of them 
can seldom be attended to, particularly whett the subject 
is new : hence we frequently find that very diflferent 
results proceed from the same experiments, and at diffe- 
rent times. We therefore must not decide after the first 
success ; but the experiment must be repeated several 
times, and even varied, till no donbt can remain. In 
all conclusions deduced from experiments, the. utmost 
caution and the strictest self inquiry ought therefore to 
be practised. Impelled by vanity and a hiameable ambi- 
tion of invention and discovery, many persuade them- 
selveb of having observed facts such as besides thHU- 
selves nobody divested of prigudice is able to perceive. 
Every fuct must be compared with the most scrupulous 
accuracy, and not a single or solitary result alone ; but 
the whole, and other results produced under a variety of 
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circumattaceB arran^d on purpose, should be considered 
befure a conclusion is advanced. 

Since cheqiistry offers vievs for the improTement of 
the arts ; as it presents prospects of many useful and 
profitable discoveries ; those who apply their labours in 
this way ought to be exceedingly circumspect, not to be 
led into an useless expence of money and time. The 
folly and subsequent distress of pursuing experiments 
in chemistry, for the sole purpose of commercial advan- 
tage, by the chemical philosophers, has been repeatedly 
observed both by public irriters and in private life. For 
although it is admitted, that speculation and discovery 
belongs to the province of the man of science, although 
his ardour in the pursuit of truth may be unremitted ; yet 
tuB intellectual habits and situation in society are seldom 
such as may be calculated to produce beneficial advan- 
tages. Detached as he usually is from the ordinary 
pursuits of society, little, if at all, accustomed to 
contemplate the scheme of traffic, of profit and loss, he 
can seldom descend from the sublime contemplations 
'which escape the vulgar mind, and enter into the com- 
plex syston of trade, of weight, measure, price, quality, 
barter or exchange, with innumerable other circumstances 
and arrangements, which must be known, in all its bear- 
ings, before a chance of success can be gained. Does 
he know them ? will he become a tradesman or manufac- 
turer ? or can be expect advantages and profit if he do 
not ? are his resources and his power equal to his task ? — 
surely they are not. The practical advantages, the sU' 
mulus of interest, the capital of the manufacturer, are 
usually wanting under such circumstances. 

By these reflections we do not intend to divert from 
all such researches those whose taste and talents render 
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them fit for them ; on the contrary, we acknowledge'. 
that the improTement of the arts, and the discovery 
of new objects of manufacture and commerce, are un- 
doubtedly the finest and moat interesting part of die- 
mistry, and which make that science truly valuable; for 
without these ends what would chemistry be but a sci- 
ence purely theoretical, and capable of employing only 
some abstract and speculative minds, but useless to 
society. Indeed we acknowledge also, that the successes 
in this kind of chemical inquiry are not rare ; and that 
their authors have sometimes acquired fortuues, so much 
the more honourable as being the fruits of their talents 
and industry. But we repeat, that, in these researches, 
the more dazzling, the more valuable and near any 
success appears, the more circumspection, and even 
distrust, is necessary. Chemistry is full of imposing 
processes, which serve only to flatter the imaginatiqa 
and deceive the unwary, and which lead to expense 
before their fallacy is discovered. 
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CHEMICAL 

APPARATUS ANB INSTRUMENTS. 



ACID HOLDER, 6g. 38. plate I.— This name is 
gi\eD to a glass bottle a, furaished with a glass stop-cock^ 
fitted air tight by grindiag into the tubulure of a retort, 
or otiier vessel. Its use is to convey a liquid into a 
retort or apparatus, to which it has been previously 
adapted, without admitting the external air into the 
vessel, or suffering the gas within to escape out of 
the vessel. It is either plain or tubulated. Fig. 39, 
plate I. a is a tubulated add holder fitted to a common 
gas bottle b. This contrivance is very useful for procu- 
ring gases, without the possibiUty of their escaping into 
the room during the process, a circumstance which is of 
considerable importance, when the gas has an unpleasant 
smell or deleterious properties. Suppose that sulphu- 
retted hydrogen gas is to be obtained from sulphuret of 
iron mid diluted sulphuric acid ; the sulphuret of iron, 
in coarse powder, is put into tJie body of the gas bottle 
fig. 29. plate I. with a proper quantity of water. The 
acid holder, a, is filled with the dilated acid, the cock c 
being shut, and is then fized into the tubulure of the 
gas bottle, to which it is accurately adapted by grinding. 
The bent tube d being made to terminate under a 
riecoiver filled with and inverted in water, the perforated 
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cock is ^adually opened, in consequence of which the 
acid descends into the gas bottle b, and acts on the 
sulphuret of iron. If it be found' necessary ^to renew 
the acid, without disturbing the apparatus, this may be 
done as follows. The cock being shut, the stopper, 
nhicb closes the tubulated acid holder, may be removed, 
and fresh acid poured in, through the aperture. This 
may be repeated as often as is found necessary. The 
acid holder may also be advantageously adapted to a 
retort, see fig. 3d. plate I. for certain distillations, such 
as that of muriatic acid, &o. 

If the acid holder, is not tubulated, fig. S8, plat* I. 
the fiow of the acid cannot be regulated at pleasure, on 
account of the contents of the bottle a having no commu- 
nication with the external air. This inconvenience is 
remedied in fig 29, plate I. where by loosening the stop- 
per the liquid flows freely from the bottle. 

Tbe size of the acid holder is usually from six to teft 
cubic inches capacity. 

ADOPTER, fig. 8, plate !.— A spindle shaped, or 
sometimes conical, tube, commonly made of earthenware 
or glass. The adopter, is used for dongating the neck of 
a retort, in order to facilitate in the process of dIstillaUon 
tbe condensation of the vapours, by removing tbe re-^ 
ceiver farther away from the source of beat; the wider 
extremity a, a, of the adopter is slipped over tbe neck 
of the retort, whilst the narrow end is inserted into the 
mouth of the receiver. The extremity of the adopter 
ia made sometimes curved, as shown fig. 6. plate IX. 
Fig. 9, plate XII. shows the application of an adopter ; 
a ia the adopter. Fig. 1, plate IX. a, a, a, are spindle 
shaped adopters 
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AIR FUNNEL, (Rbid's), fig. 1. plate XI.~ 
t is a funnel with its pipe or tube stopped at b, and 
perforated aboTe and below with two or three small 
holes. Round the tube a is soldered the tube d, left 
open at top. The tube g is made to circumscribe the 
tube d, and is soldered to the funnel t. 

When If ater is poured into the funnel, and the cork 
k inserted into a bottle filled with gas, the water 
descends tbrongfa the tube o till it arrives at the division 
of section b; it then flows through the small holes tit ft 
and ascends between the ti^es a and b, flows over the 
top of d, and descends again between the tube d and g, 
till it arrives at e (whence it re-enters the tube through 
an opening above «), and thence into tbe bottle. As 
the water goes in, the air escapes between the tubes a 
and g, through the cock A, into the mouth-piece. The 
lower end of g is made to perforate a cork, which is 
properly attached to it, and which secures it nir-Ught 
into the neck of a common bottle. 

AIR FURNACE, fig. 13. plate XV.— This furnace 
was invMited by Mr. Knight ; it is an air furnace with an 
additional chamber, for applying the waste heat to useful 
purposes, a the internal cavity, which is square, for 
containing tbe fuel and the crncible. b the flue passing 
into a h(rt chamber c ; an appendage ;^articularly useful 
for drying luted crucible, or brining them to a proper 
temperature for the furnace, for roasting ores, and 
various other purposes, d the flue connecting it with 
the vertical chimney e; which, to produce a strong 
heat, should never be less than thirty or forty feet high, 
//covers, consisting of twelve-inch Welch tiles, with 
handles, g the stoke hole, through which no mor^ of 
the fire is seen than appears between the grate and the 
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bearing bar h. This space is left for the double purpose 
of raking the fire, and occasionally taking ont the bars. 
A- the ash pit, which is sunk below the level of the 
ground, and is covered, where it projects at I, by an iron 
grating. 

The beet Bitnation for tJiis furnace is an angle of 
the laboratory, the cliimney being in the comer, as 
represented in the sket«h. By this arrangement, the 
operator is spared the disagreeable necessity of scorching 
his legs, by standing opposite the stoke hole, while the 
back of his legs are exposed to a current of cold air 
rushing to the furnace. 

AIR FURNACE, (Ghetix's), fig. 10. plate V— 
The great advantage of this air furnace is, that it 
permits the fuel to descend without the help of stirring. 
The sides of the furnace instead of being perpendicular 
as usual, are in this furnace inverted, so that the hcAow 
space is pyramidal. At the bottom the opoiing is 
thirteen inches square, and at the top but eight. The 
perpendicular height is 17 inches. This form appears 
to unite the following advantages. Ist. A great surface 
is exposed to the air ; whi^, having an easy entrance, 
mshes tlirough the txuA vrith great rapidity. Snd. The 
inclined sides act, in some measares, as reverbera- 
ting surfoces: and Srd. The fuel falls of itself, and is 
always in close contact with the crucible, placed near 
the grate. Thia is the principal advantage. It is 
inconvenient and dangerous for the crucible to stir tlie 
fire often to make the fuel fall, and the pyramidal form 
renders this unnecessary. It is also more easy to avoid 
a sudden bend in the chimney by the upper part of the 
furnace advancing as in this construction, a is a grate; 
c and c are two bricks, which can be let in at pleaause 
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to dimiDish tbe capacity ; b is another grate, which can 
be placed upon the bricks c and c for smaller purposeB; 
4 and d are bricks which can be placed upon the grate 
b to diminiah the upper capacity, bo that in feet we 
have four different bizob in the same furnace. The 
brides must all be groufid doTrn to the slope of the 
furnace and fit in with tolerable accuracy. They ue 
totally independent of the pyramidal form, &c. of the 
furnace. 

AIR HOLDER (Watts*s), tig. 16. plate XI.— 
This is one of the most naefbl machines of tbe laboratory. 
It is employed for collecting and preserving large quan- 
tities of gases, or for transferring them into bladders or 
other Tessels. The air-holder consists ot a cylindrical 
vessel a, made of sheet iron, japanned within and 
without, in the eenire of it is a metal pipe b, one 
extremity ef tUs pipe desoeuds witlun half an inch of 
the bottom of the vessel a, or below the projecting tube 
d, and the -other extremity passes through the middle of 
the top, or cover, as shown in the design. To charge 
this gas bolder with a gaseous fluid, close the small 
projecting tube d, witti a cork, and also the openiug^^ 
Having done this, fiU the air-holder eonpletdy, by 
pouring water into the tube h. This being -done, close 
the stop-oodts /, and then withdraw tbe «ork which 
closed the aperture d. It is now «h^oaa that no watet 
out run out till air be introdueed to expeVit; when it is 
therefore wished to be filled, let the neck of tbe retort, 
or gas bottle, or other apparatus, from whence the tur 
proceeds, be looady inserted into the orifice of the tube 
d; the gas, as it is disengaged, will dispel the water by 
the same aperture, tlU'lhe gaa holder be completely 
filled wiA gat. If the orifioe Of the tube (^ be Dow 
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corked, the gas m»j be preserved for any length of 
time. To transfer any portion of the gas from the air 
holder, affix a bladder, fig. 15. plate XI. to the stop-cock 
/, and pour water into the opening b, and the gas will 
arise through the cock /> into the Madder ; the bladder is 
mounted with a stop-cock^ and connecting piece, to 6t 
the stop-cock / of the ur bolder. 

AIR HOLDER (Citallo'b), fig. 10, plate XI.— 
The vessel a may fae a glass jar or bottle ; b, a fuimel, 
into which is fastened a bent glass tube c; (2 is a tabe, 
furnished with a stop cock, soldered to the funnel, and 
nluch with it passes through the cork of the veisel a ; 
b represents a tube of tin, or other material, to one end 
of which a moutb-piece, or bladder, or oiled silk bag, 
may be fastened. 

The vessel a being filled with the required gas, by 
taking out the cork with the funnel, &c. filling the ves- 
sd with water, and inverting it with its opening under 
water. Then, if a tube leading from the apparatus 
whence the gas is produced, be brought under the month 
of the vessel, the gas vrill ascend and displace the water 
till it be full. Whenever it may be necessary to transfer 
any quantity of the gas into a bottle, bladder, &c. an 
equal quantity of water is to be poured through the 
funnel b, which vrill displace the gas, and force it 
through the pipe e, when the atop-cook is opened. 

The bent part of the tube c, by always containing 
some water, prevents the gas from escaping through the 
funnel ; but when the apparatus is to be set by, both ^e 
funnel, and stop-cock of the tube, must be dosed, 

AIR JAR, figs. 38, 24, jdate IV.— Air jars are called 
such glass receivers, of various kind, as are used in the 
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pDeomatic trou^, for colleoting transfmring, and pre- 
serring gases, they are either closed and Taulted at top, 
a fig. 16, 18, plate II. ; and iigs. 23, 24, plate IV. :— or 
open, fig. IS, plate IX.; and fig. 32, plate IV.:— or 
fbrniahed with a short wide neck, fig. 21, plate IV. ; and 
fig. 7, plate XII. The former are usually called bell 
glasses, the latter are called deflagerating jars. The 
margin of the open necks of defiagerating jars should be 
ground smooth bo that when a piece of ground glass or 
metal, or a piece of psstebou-d, is pressed upon it, the 
gaa may be confined within the jar. 

The chemical operator should be provided with an 
assortment of air jars in sizes. He should have some 
mounted with stop-cooks, a fig. 47, and fig. 50, plate I. 
for. transferring gases from the jars into bladders, flasks, 
or other vessels. Others should be graduated into cubic 
inches, or equal parts, fig. 8, plate I. 

When trial is to be made of any kind of air whether 
it be fit for maintaining combustion, the air is put in a 
long narrow glass vessel, whose mouth being carefully 
covered, may be turned upward ; a piece of wax candle 
being then fastened to the end of a wire, which is bended 
■o that the flame of the candle may be uppermost, when 
introduced into the vessel. See fig. 12, plate IX. and 
fig. 22, plate IV. 

AIR THERMOMETER, fig. 3, plate IV.— This 

instrument ia simply a hollow glass ball a, from 4- an inch 
to 1' inch in diameter, from which a cylindrical tube b, 
twelve or eighteen inches long, and about iV^^'i inch in 
the bore, issues. To use this instrument, a small quan- 
tity of the air of the tube is expelled, by applying heat 
to the ball. The open cod is then immersed in quicksiU 
ver or any coloured liquor, and as it cools, a quantity 

n 
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of the fluid i-iseB in tha tube b. A scale of eqvajl parts. 
is applied to the tube, and the Bxtent of the expaivaion 
of air in the bulb, by heat, is accurately discovered by 
the descent of the coloured liquor, its condensation by 
cold beings marked by its ascent. This instrument has 
the advantage of indicating very minute changes of tem- 
perature, air being so greatly altered iu its volume by 
alterations of temperature, and on this acflouptit may 
be ocpasipnally used with advantage f^r some purposes. 
It ia otherwise an inaccurate instrument, liable to vari- 
ations, from changes in the pressure of the atmosphere, 
and inapplicable to ,tbe measurenieat of any extensive 
range of temperature. 

The expansion of air by the same degrees of beat 
diflera according to its density, and to the quantity of 
moisture it contains ; nor are the increments of its bulk 
proportional to the degrees of temperature. 

AIR THERMOMETER for JuiauiDs, figs. 4 and 
J, plate IV. — This instrument is intended for the 
purpose of ascertaining the temperature of liquids.. It 
consists of a bottle a, partly filled vrith any ccdoured 
liquid, and partly with air, a glass tube of small bore, 
open at both ends, being either cemented or hermetically 
sealed in the bottle, so that its lower extremity may 
nearly touch the bottom of the bottle. Tbe expanuon 
of the included air, on the application of heat, drives 
tixe coloured liquid up the tube. 

ALCALI DECOMPOSING APPARATUS, fig. 
3, plate X. — This name has been given to a contri- 
vance for obtaining the alcalioe metals, potassium and 
sodium. * It consists of a common gun -barrel curved, 
• Henry's Chemistry, VoU 1. page 214. 

[.g.l.zedl!,G0OQlc 



^Icali Decompositig Apparatus. 33 

and drawn out, at one end, to rather a smaller diKmeter, 
To one end is adapted an iron tube a, of the capacity of 
two cubic inches, for containing the potash. At the 
bottom of this tube is a small hole, through which the 
potash gradually flows. To the opposite end of the 
gun-barrel a tube of aafiety e is to be cemented; and 
into this a Bufficient quantity either of mercury or naph- 
tha is poured. Intothegun-bs^rel3^ parts of very clean 
iron turnings are to be introduced, and pushed on to the 
bent part c. The tube, carefully luted, is then, to be 
placed in a small crucible furnace d, nine or ten inches 
IB diameter, and provided with a pair of double blast 
bellows, the pipe of which is shewn at/. The next step 
is io insert the tube a in its place, after having p^ into 
it 1^ parts of pure potash, deprived of as much water . 
as possible by previDus fusion. The whole apparatus 
shauld be perfectly dry, clean, and impervious to air. 

A strong heat is now to be excited in the furnace d; 
and while this is doing, the tube containing the potash, 
as welt as the «ppOBile end of the barrel, should be kept 
cool by ice. When tiie barrel has attained a white heat, 
the potash in a may be melted by a small portable fur- 
nace. It will flow, through the small bole, upon the 
iron turnings at c. A considerable quantity of hydrogen 
gas will be evolved by the decomposition of that portion 
of water which the potash retains even after fusion. 
When the production of this gas slackens, we may re- 
move the small furnace from beneath the tube a, and 
increase the heat in the furnace d, in order to restore to 
the iron turnings at c the temperature proper for decom- 
posing more potash. These operations may be repeated, 
alternately, till no more gas is produced ; but last of all, 
the heat in the furnace should be strongly raised, in 
order to drive <^ some of the potassium, which strongly 
adheres to the iron turnings. 
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When the furnace is fiuite cold, the safety tube e is 
te be retnoved, and its place supplied by an iron plug. 
If the end of the gun-barrel, projecting from this side 
of the furnace, has been kept carefully cooled during the 
experiment, the potassium mil be found adhering to it, in 
the form of brilliant lamioa;. In order to extract it, Uie 
gun-barrel is to be cut at the commencement of the part 
which has been kept cool, where the greatest quantity 
will be found. Another portion will be found close to 
the plug, and this adheres so slightly to the gun-barrel, 
that the least effort serves to detach it. It is even partly 
oxidized by the air, which gains access during the cool- 
ing of the furnace ; and when the whole is covered with 
naphtha, the oxidized part is detached in laminae, expo- 
sing a white brilliant metallic surface. The potassium 
which is condensed nearest the furnace must be de- 
tached by a sharp cbissel, and in the largest pieces we 
can possibly break off; for if it be in small molecules, it 
inflames in the air, even at very low temperatures. In 
the middle of the gun-barrel we And an amalgam of 
potassium and iron, which becomes green on exposure to 
the air, the potassium returning to the state of potash. 

When the iron turnings are very clean, the potash 
dry and pure, and the whole apparatus free from 
foreign matters, the metal produced differs very little 
from that obtained by a Voltaic battery. Its lostre, 
ductility, and malleability are similar. Its point of 
fusion and specific gravity, however, is a tittle higher; 
for it requires nearly ISO" Fahrenheit, to render it per- 
fectly fluid, and is to water as 796 to 1000 at 60° Fah- 
renheit. This Sir H. Davy ascribes to a contamination 
with a minute proportion of iron. The aflSnities, indeed, 
by which the decomposition is produced, he supposes to 
be those of iron for oxygen, of iron for potassium, and 
of potassium for hydrogen. 
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ALEMBIC, QiASS, fig. 38, plate I.—This is one of 
the numerous apparatus of distillatory vessels. In tliis 
country the use of the glass alembic is almost superseded 
by the retort and still. As distillation consists in redu- 
cing to vapour such substances as are susceptible of it, 
in a close apparatus, so contrived that the vapour 
received at a distance from the fire, in cooled vessels, 
is there condensed, in order to assume a liquid form, 
it is obviously essential to every distilling apparatus 
that is should be composed of at least two parts, namely , 
the boiler or vessel a in which the materials are heated ; 
and secondly, the vessel communicating with the former, 
in which the condensation of the steam or vapour com- 
mences. Of all the vessels destined to this use the alem- 
bic is the simplest and must ancient, a is the matrass, 
cucurbit, or boiler, into whioh the materials to be distilled 
are introduced, b is the capital or head, in which the 
vapoura are condensed ; it fits closely on the top of. the 
boiler a. The capital b has its external circumference 
or base depressed lower than its neck; so that the 
vapours which rise, and are condensed against its sides, 
by the contact of the surrounding air, run down into the 
circular channel formed by its depressed part, from 
whence they are conveyed by the beak, or nose e, affixed 
to the glass capital, into the receiver d. 

The captial b is usually tubulated, that is to say, it 
has a small projecting neck c, at the top furnished with 
a ground stopper/, as shewn in the design. This con- 
trivance is convenient for introducing from time to time 
a fresh supply of materials intended to be distilled, with- 
out deranging the, apparatus. The capital or liend A is 
sometimes made air tight to the matrass by grinding, 
bat this method is expensive. It may readily be luted 
to the matrass a, by slips of wetted bladder, or lutes of 
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the usual kind. Fig. 50, plate I. is a pUiin (not tubula- 
ted) capital. 

The throat or neck of the capital of the alembic 
should fit into the neck of the body a and not encompass 
it. If the neck fits into' the throat, the condensed fluid 
lies on the luting of the joint and may become contami- 
nated by it. 

The alembic has this advantage over the common 
retort, that the residues of distillation may be easily 
cleared out of the body a, which is not tbe case -with the 
retort. It is likewise capable when skilfully managed of 
distilling a much larger quantity of liquid in a pvea 
time than a retort of equal capacity. Besides this, the 
alembic may be used for causing the rapours of bodies 
to act upon substances in a more convenient manner than 
.can be done by means of the retort and receiver; for 
example, to show the action of sulphar upon alcoht^: 
to perform this experiment, put pounded sulpbnr into 
the alembic ; see fig. 3, plate VII. suspend within it a 
bottle a containing alcohol; then put on the cover b, and 
adjust to the beak a small mattrass. Lnte well the j<Hn- 
ings, and heat tbe apparatus. The sulphur will be sub- 
limated, uid the alcohol volatilized. In this state the 
two bodies meet; tbe alcohol dissolves tbe sulphur, aod 
you will obtain a liquor, slightly coloured, which is 
sulphuretted alcohol. 

The heat is applied to the glass alembic by means of 
a sandbath. The alembic is embedded in the sand pre- 
vious to the application of heat. Tbe inferior oondnctiaf 
power of the sand dues not allow the heat to approach 
the vessel but in that gradual way which will ensure its 
safety from cracking. See a a fig. 6, plate VII. For 
experiments in tbe small way the himp furnace will 
answer every purpose, provided the bottom of the alem- 
bic is of an uniform thickness. The sliding ring b of 
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the lamp fnrnaee, supp(»iing the alembic, admits of 
being placed at any given distance from the flame, and, 
in addition to this, the lamp c can be adjusted by its 
own rack, which elevates or depresses the cotton wick. 

Glass alembics are usually made from one pint to two 
quarts capacity. The body is sometimes made of ear- 
thenware or metal, and the papital only of gdass. A sil- 
ver ^enbic with a glass capital is useful for tiie prepa- 
ration of ^e pure alcalies. 

ALEMBIC, Metallic— See Still. 

ALUDEL, fig. 13, plate II.— The alndds of the 
earlier chemists are a series of pear-shaped pots a^ a, a, 
generaUy made of earthenware, but sometimes of glass, 
open at both ends. Eacii aludel has a short neck at top 
and bottom, so that a aeries of them may be fitted toge- 
ther by means of the neck in succession. Ahidels were 
formerly used for tbe purpose of collecting the products 
of snblimati(Hls. 

The joiniDgs .are made air tight by luting ; sometimes 
the narrow extremity of the aludels entered into a 
round top containing tbe substance to be sublimed, 
whilst the upper atudel receives the sublimate. It was 
jn an apparatus of this kind that those crystalline sub- 
limates forraeriy called Jlowers, as flowers of sulphur, 
of Benzoe, Ac. used to be prepared. This contrivance 
has been discarded, and Hs place snppHed by apparatus 
of more simpBcity and greater expedition, because the 
whole quantity of the sublimed product vras found to be 
contained in the first alodel series. The head of ah 
alembic will serve very well to receive and condense the 
sublimed prodoets ; two matrasses, pat month to mouth, 
fig. 1> plate 1. are also occaskmally used as subhming 
vessels. , 
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ANVIL, &g. 10, plate VIII.— A smaU table anvil a 
fixed in a heavy wooden block b. It is convenient for 
breaking the contents of crucibles, in order to ieparate 
the fluxes or glassy matter, from the melallic or other 
' substances adhering to it; also for exploding fulmina- 
ting compounds by the blow of a hammer, &c. 

AREOMfiTER-^-See Guvihetek, Htdrohetbb. 

AREOMETRICAL BEADS are a series of hol- 
low glass balls, of the size of a large pea, increasing 
and diinimshing in their specific gravity from a standard 
fluid (usually water) in a known ratio. When a fluid !• 
to be tried, these bails, which are all numbered, are 
placed successively in the fluid, some of them will sink 
to the bottom of the vessel, and others remain on the 
surface of the fluid; whilst of course that bubble which 
is precisely of the same specific gravity with the fluid, 
will remain in any part of it, without shewing any 
tendency either to ascend or to descend. They are 
used for estimating the strength of spirituous liquors. 

AREOMETRICAL BOTTLE. — See Sracmc 
Gkivitt Bottle. 

ASSAY FURNACE, fig. 12, plate XV.— The con- 
struction of this furnace is simple and obvious. Its 
form is square, terminating in a truncated open pyra- 
mid; c c c c, doors with hiindles, with semicircular, 
apertures for inspecting the operation ; aaa, iron bands 
fixed with screws; d, the ash-pit. The fuel is put in 
at top. To the upper part of the furnace is affixed a 
perpendicular sheet iron tube, to serve as a chimney. 
It is used for assaying, and eaamelliug. 
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ATMOMETER, an iastrument invented by Leslie, 
designed to measure the quaotity of evaporation from 
any faumid surface in a given time. 

It consists of a tbin ball of porous porcelain biscnit, 
two or three inohes in diameter, with a small neck, 
See fit;. 14, plate VIII. to which is firmly cemented a 
long and mther wide glass tube, bearing divisions, which 
correspond each to an internal annular section, equal to 
a film of water that would cover the outer surface of the 
ball to the thickness of ttiW part of an inch. These divi> 
Btons are numbered downwards to the extent of 100 or 
200, To the top of the tube is fitted a brass cap, bavin; 
a collar of leather, and which, after the cavity has been 
filled with distilled or boiled water, is screwed tight. 
The outside of the ball being now wiped dry, the instru- 
ment is suspended out of doors, and exposed to the free 
action of the air. The following statement with regard 
to this instrument is copied from Mr. Leslie work oa 
heat and moisture. 

Evaporation is always proportioned to the extent of 
the humid surface, for if a sheet of wet paper be applied 
to a plate of glass, it will, in a close room, lose its 
wei|^t exactly at the same rate, whether it be held 
vertically or horizontally, and whether it occupies the 
npper or the under side of the plate. The quantity of 
evaporation from a wet ball is therefore the same as 
from an equal plane surface, or from a circle having 
twice the diameter of the sphere. In the atmoraeter, 
the humidity transudes through the porous substance, 
jiist as fast as it evaporates from the exterual surface; 
and this waste is measured, by the corresponding desceoit 
of the water in the stem. At the same time, the 
tightness uf the collar, taking off the pressure of the 
column of liquid, prevents it from oosing ' so profusely 
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as to drop from the ball, an iacoDTeoience which, in 
the case of very feeble eraporatioo, might otherwise 
take place. As the process goes on, a corresponding' 
portion of tur is likewise imbibed by the moisture on the 
outside, and being introduced into the ball, rises in a 
small stream, to occupy the space deserted by the sub- 
siding of the water in the tube. The rate of eraporatiMi 
is nowise ^ected by the quality of the porous baJl, uid 
continues exadJy the same when the exhaling surface 
ai^ears almost dry, as when it glistens with abundant 
moisture. The exterior watery film attracts moistore 
from the internal mass with a force inversely as Its 
thickness, and wiU therefore accommodate the supply 
precisely to any given degree of expenditare. When 
this consumption is exocssiTe, the water may he ^o^ed 
to percolate, by unaorewing tiie ci^, avMding how«Ter 
the rbk of letting it drop from the ball. 

' The aJtmometcr is an inistruiBent evideRtly of exten- 
sive application and of great utility in practice. To 
asceriain with accuracy and readteese (he «iuantity of 
eraporation from any surface, in a given time, ia ati 
important acquisition, not only in meteorology, but in 
agriculture, and tiie various arts and manttfaeturea. 
The rate of exhalation from the surfooe of the grouod 
is scarcely of less consec|nenc« than tbe fall of rain, and 
a knowledge of it might often direct the farmer advaa- 
tageously in his operations. On the rapid dispersion of 
moisture, <lepends the «ftcacy of dryisg houses, which 
are toe frequently constructed most unskilfully, or on 
very mistaken principles. But the purposes to which 
this atmometer so aptly applies were hitherto supplied 
in a rude and imperfect manner^ The loss that wnte* 
sustains in a given time from evi^oraitioa has commonly 
been estimated by weight or measure, if a piece of 
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flaDDel, stretched by a slender frame, be wetted and 
suspended in the tree air, its dissipation of moisture, 
ftfter a certain interval, is found by help of accurate 
scales j or if water in a shallow pan be exposed in a 
similar situation, its daily waste is detected by the I4>pli- 
eation of a fin^y divided rod or ^age. But thete 
methods are extremely troublesome, and are subject, 
besides, especially the latter one, to great inaccuracy. 
Both the flannd and the sheet of water require to be 
sheltered agawst the wind andraio, and coDsequently 
they will not exhibit, like the atmometer, the real exha- 
lation whitdi takes place from the grousd. The bottam 
tad sides of the pan mast also, from Hmr extent of dry 
surface, affect the temperature of the water, and coBse- 
^uendy m«dify the quantity of eraperation. 

An atmometar, suspended ia still aar, might therefore, 
«n taking into account the time intervened, answer 
nearly the purpose of the hygrometer; and this mode 
can be employed with advaBtage, in discovering the 
mean dryness of an apartment after the lapse-of hours 
or days. Its d^icaoy indicates directly, and almost 
Hpontaoeonsly, tlie actwal dryness of the medium. This 
instnMneirt is heeoe indispensable in all meteological 
observationsy and may coBtribate essentially towards 
laying the foaBdatiim of a just«r end more comprebea- 
sive knowledge of the various modifications which take 
place io the lower regions of our atmosphere. Heat and 
raMstor^ are ihe chief agents wbicb nature employs ia 
producing those incessant dianges ; and if the iBventioa 
of the thermometer has tended so much to correct and 
enlarge the views of physical science, may not the intro- 
duction of an accurate hygrometer be«xpected to coste 
a similar benefit, and to direct our researches into many 
departments that are still unexplored. 
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Id the regulating of maoy processes of art, and in 
directing the purchase and selection of Tarious articles 
of produce, the application of this instrument would 
render material serviee. Most warehouses, for in^ance, 
require to be kept at a certain point of dryness, and 
wtiich is higher or lower according to the purposes for 
which they are designed. The printing of linen and 
ootton is carried on in very dry rooms, but the operatioBS 
of spinning and weaving succeed best in air which 
rather inclines to dampness. The manufacturer is at 
present entirely guided by observing the effects pro- 
duced, and hence the goods are often shrivelled, or 
otherwise injured, before he can discover any alteratioB 
in the state of the medium. But w«re an hygrometer, 
even of the most ordinary construction, placed in the 
room, it would exhibit every successive change in the 
condition of the air, and immediately suggest the proper 
correction. The same means could be employed most 
beneficially, in attempering the atmosphere of pubHc 
hospitals. 

That wool and corn have their wei^t considerably 
augmented by the presence of moisture is a fact well 
known. Without snpposing that any fradulent practices 
are used, this difference, owing merely to the variable 
state of the air, in which the substances are kept, may 
yet in extreme cases amount to ten or even fifteen per 
cent. Grain or paper preserved in a damp place wiH 
be found to swell nearly after the same proportion. But 
the real condition of such commodities might eusily be 
detected, by placing the hygrometer within a small wired 
cage, and heaping over this, for a few minutes, a qaan- 
tity of the wool or grain which is to be examined. 
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BALLANCE, fig. 5, plate II.— The ballance. or 
pair of scales, is an instrument sufficiently known. It 
serves to ascertain the equality of the absolute or diffe- 
rence of weight of bodies. The absolute weight of 
bodies is relative, tt being the expression of a number 
denoting its relation to some arbitary or coUTentional 
standard, as a pound, an ounce, a drachm, of which it Is 
a multiple or aliquot part. The best kind of hand scales 
are those which are furnished with a box end a, and have 
a ring or sight hole at the upper extremity of the fork 
which supports the beam. The chemist should be pro* 
Tided with scales of different sorts and delicacy, for the 
beginning and end of every exact chemical process con- 
sists in weighing. With imperfect instruments this ope- 
ration will be tedious and inaccurate; but, with a good 
ballance, the results will be satisfactory ; and much time, 
which is 80 precious in experimental researches, will be 
saved. It is' requisite to have scales for ordinary use, 
and others for occasions where greater delicacy is neces- 
sary. Fine scales should always be kept apart from the 
laboratory, in some place where the vapours of acids, or 
otber corrosive liquors, cannot have access to them, 
otherwise they rust, and the accuracy of the bctllance is 
destroyed; for the same reason they never should be 
overloaded. The beam of a good balance should remain 
in equilibrio withoutthe scales, and when the scales ara 
changed, and should be very sensibly affected with a 
small portion of additiontd weight when loaded. Thej 
should hang in a dry place, and in a good light. The 
most delicate scales should be kept in glass cases, and 
should not be taken out without occasion. 



DcmizedbvGoOglc 



40 Ballanee Hydrostatic. 

BALLANCE HYDROSTATIC— A kind of bal- 
iBDce coDtrived for lindiii^ the specific gravities of 
bodies, both solids and liquids. The workmaaship of 
this instrument requires peculiar nicety, but lui accurate 
and delicate pair of scales of the usu^ constructiaii f^eo 
supported on a stand, may be made to answer the 
purpose, see fig. 2, plate VII. It only requires to 
shorten the strings of one of the pans a, as shewn in tlie 
figure, and to affix underneath and in the centre of the 
shortest pan a, a small hook b. This ballanee -when in 
use might be held in the operator's hand, but as the 
experiments to be performed*with it requires usually 
DEknch time and accuracy it is advisable to have the bal- 
lanee adapted to a stand. As the hydrostatic ballanee is 
used for finding the comparative weight of equal bulks of 
bodies, a standard of comparisen must be assumed, and 
distilled water has been generally tak«i as unity. The 
specific granty of any solid is ascertained by comparing 
the weight of the body in the air with its weiglit when 
auspmded in water. The quotient obtained by dividing' 
its weight in air, by the diflference between its weight in 
air and its weight in water, is its specific gravity. The 
specific gravity of fluids maybe ascertained. by com- 
paring the weight of a solid hody,< such as a piece of 
crystal c, when immersed m distilled water, with its 
%eight when immersed in the fluid we wish to examine; . 
by dividing its loss of weight in the fluid by its loss of 
weight in the water, the quotient is the specific gravity 
of the fluid. 

BALLOON. — This name is ^ven to a large glolnilar 
glass receiver, with a short neck, fig. 15, plate IX. 
Fig. li) plate IX. is a tubulated balloon receiver. 



DcmizedbvCoOglc 



Barometer. 47 

BAROMETER, fig. 11, pUte XIV.— The tubes of 
which barometere are made oHght at least to be j. of an 
ioob here ; or about ^ of an iBcb is better. The tube 
should be new, and perfeotly clean withia. Id order to 
be certaiu of this, it should be bermetically sealed at 
both ends, at the glass-house, when nuule ; one of the 
«Bd^ may afterwards be cut off with a file. The jaerenrj 
ought to be perfectly pure. 

To fill the tube with mercury, warm it, and pour 
some mercury into it by a small paper funnel, so as to 
reach within an inch of the top ; you will see that as the 
tube fills there are bubbles of air in sereral parts. 
When the tube is full, apply your finger against the open 
ead, and invert the tube, by which means tb« ^r that 
was on the top, now rising -tlwough all the quicksiWer, 
gathers every bubble in its way. Turn the tube up 
again, and the bubble of air re-ascends ; and, if there 
are any small bubbles left, curries them away. If, 
however, any remain, the operation must be repeated. 
The tube is now to be filled to the top, and stopping 
the open end with the finger, must be inverted into a 
basin filled with mercury, after which the finger may be 
withdrawn under the surface of the mercury ; the mn-- 
oury in the tube will subside, remaining suspended at 
the h^ght of 39 or 30 inches, or whatever balances the 
pressure of the atmosphere at the time. The space at 
the top of the tube is a perfect vacuum. 

The following is a still better way of filling the 
tube: pour the purest mercury into the tube (which 
must be very dry and well cleaned), to within two inches 
of the top, and then hold 'it with the sealed end lowest, 
in an inclined position, over a chafing-dish of burning, 
charcoal, placed near the edge of a table, in order that 
ell parts of the tube may be exposed successiyely to the 
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acdon of the fire, by moTing it obliquely over the 
chafiiig-disb. The sealed end is to be first ^adually 
presented to the fire. As soon as the mercury becomes 
hot, the internal surface of the tube will be studded 
with an infinite number of air-bubbles, giving the mer- 
cury a kind of grey colour; these increase in size, by 
running into one another, and ascend towards the higher 
parts of the tube, where, meeting with a cooler part of 
the fluid, they are cond«iaed, and nearly disappear... In 
consequence, however, of successive emigrations towards 
the upper parts of the tube, which are successively 
heated, they finally acquire a bulk which enables them 
in their united form entirely to escape. When the first 
part of the tube is sufficiently, boiled, move it onward, 
by little and little, through its whole length. When 
the mercury boib, its parts strike against each other, 
and against the sides of the tube, with such violence^ 
that a person unacquainted with the operation, natu- 
rally apprehends the destruction of his tube. By this 
process, the mercury is entirely deprived of the dr 
which adhered to it. 

The tube is now fised with its basin to a wooden 
frame prepared for it, as shewn in the design, fig. 11, 
plate XIV. having a scale of inches at the upper end, 
which is accurately measured from the surface of the 
mercury in the cistern. Fig. 8, plate XIV. shews the 
scale at the top, drawn larger. 

. This 19 the common construction of the barometer, 
and is still found to be the best of any. 

BAROMETER, Wheel Bakohbter, fig. 13, plate 
XIV. — a represents the quicksilver in a glass tube> 
having a large round head or ball, and turned up at 
bottom b ; upon the surface of the mercury in the re- 
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curved leg, there is then placed a short glass tube loaded 
with mercury, with a string going over a pulley, and is 
balanced by another weight hanging freely in the air. 
As the surface at a is very large, and that at 6 very 
small, the motion of the quieksilTer, and consequently 
of the ball a, will at bottom be very considerable ; but aa 
the weight moves up and down, it turns the pulley, and 
that a band or index ; and by the divisions of a large 
graduated circle, the minutest variations of the air are 
plainly shewn, if the instrument be accurately made, and 
the friction of the several parts be inconsiderable. 

BASIN. — See Evaporating Basii^. 

BATH, Sand Bath.— The heat communicated from 
bodies in combustion must necessarily vary according to 
circumstances; and this variation not only influences 
the results of operations, but in many instances endan- 
gers the vessels, especially if they be made of glass. 
Among the several methods of obviating this inconveni- 
'ence, one of the most usual consists in interposing a 
-quantity of sand, or other matter, between the lire and 
the vessel intended to be heated. 

Of all kinds of chemical baths that which is used the 
most extensively is the sand hath. In experimental fur- 
naces, or smaller chemical operations, the vessel to con- 
tain the sand is a cast iron pot, very much in the form of 
an inverted round hat, fig. 7, plate X. of which the hollow 
part is suppoi^ed by the projecting rim upon the sides 
6f the furnace, and hangs down over the burning fuel, 
the flame of which plays round it and gradually heats 
the sand which it contains, together with every vessel 
huriied therein. See a fig. 6, plate XV.;. a fig. 15, plate 
XV.; fig. 28, plate XV.; *fig. 7, plate VII. and fig. 
19, plate XIII. E 
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In this bath the beat is ^adually communicated, al- 
though less uniformly tliau by ttie water bath ; and it 
may likewise be carried to i^ition. As the heat is 
greatest towards the bottom of the eand, the operator 
possesses a power of moderating it by raising the vessels 
when necessary. The extensive sand bath which is 
formed by spreading sand upon an iron hearth, fig. 10 
and II, plate XV. is very useful for digestion, solution, 
evaporation, and other chemical processes, which may 
be carried on, at the same time, in a considerable number 
of vessels. 

This sand-bath is generally constructed of masonry. 
At the front is a rim, made of free-stone or sheet iron, 
about four inches deep, fastened, or let in, at each end 
into the wall. The bed e e is formed of cast-iron plates 
which rest upon each other in corresponding rabbets. 
The advantage of several plates over one large one is 
the cheapness and facility with which they are replaced 
if cracked by the heat, an accident of not unfreqnent 
occurrence. The joints of the plates are secured by loam 
or clay, which effectually prevents the sand from faUiag 
through. The Qre-place is shewn by b; a is the adipit. 
The flame and smoke circulate first through the flue c, 
and then through the returning flue d, which conveys 
tfae smoke to the chimney. In constructing the flue 
beneath the grate, a. row of bricks set edge- ways answers 
tbe purpose, and serves also to support the inner ed^ 
of the plates. 

The sand should be of middling fineness, the finwt 
«s well as the very coarsest being separated by sifting;; 
for by this means die heat is mii^ gradually distributed. 
Those distillations, which at any piu*t of the procesB 
require as much as a low red heat, are usually performed 
in sand baths, even in manufaetnrss in tbe great Way. 
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SoiLd, whm tkmreu^yiieated.aontiiiueshet for^^rary 
comidbrable length t^ time. 

BATH, Steak Bath. — Ib a contrivance so called in 
which a vessel to be heated is exposed to the action of 
steftnu. Fig^. 4 andfig. 7; plate XIII. exhibits a steam 
bath, constructed for the lamp-furnace, it is particularly 
MTvieeable for drying such materials as cannot be ex- 
posed to a temperature exceeding that of boiling water, 
mich as fulminating mereury, &c. Fig. 6, exhibits a sec- 
iMii of this steam bath. 

Such fulminating compounds as are to be dried must 
be- placed in the conical glass ressel b, and when the 
vessel e is filled with water up to the side tube d, thfe 
desiccation may be performed without any risk of explo- 
sion, or any further trouble, by putting the apparatus 
ever a lamp, and keeping the water in a state of ebuU!- 
.tion, It is particularly useful in the drying of the pre* 
apitates obtained in the analysis of minerals. It is well 
known that the same mineral analysed by dilFerent che- ' 
mists, has been found to yield different proportions of 
tiw aame ingredients^ and that the difference of propor- 
tions of the constituent part^, in many cases, is often 
nore apparent than real; arising entirely from thevari- 
oas' degrees of desiccation that have been employed by 
different analysis, and sometimes even by the same per- 
son. This point is of such importance, that' every che- 
mist will at ODce perceive the utility of the apjiaratus in 
tluB respect. 

The apparatus may likewise be used as a water -bath. 
!■ that oase, the conical glass vessel i is repiovsdj and 
the inner copper vessel « filled with water ; intotbis, wnal) 
retorts, flasks, vials, &c. may be immersed for promoting 
Ab {H-ocesses of dlstiUatioD, digebtion, n>liiUoM» 'evapo^ 
ration, &c. ; or it may be used as a saAd-batk) (it being 
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hard flotdered) i>y fiHing the copper Tesael- with lifted 
sand, for perfonning thoae.t^erationa which require a 
Jiigber temperature than that of boiling water, 

BATH, Water BATH.^The water bath i» nothing 
more than a pan, fig. 10 and fig. 11, plate XVI. fig. 6i, 
plate I. coDtaining water kept boiling, and in which 
the digesting or distillatory vessels are kept immersed. 
The beat of boiling water is nearly stationary, this tem- 
perature is found very advantageous in the distillatio)i 
of essential oils, and all other substances in which an 
empyreumatic taint is to be feared. Xt may easily be 
imagined, that the form of the bath, as well as t^ the 
vessels, may be varied according to the purposes re- 
spectively aimed at; any vessel, full of water, capable of 
b^ng heated to boiling, may be used as a water bath. 
As the utmost heat which any substance immersed in 8v 
boiling liquid cau acquire thereby, falls short by a few 
degrees of the temperature of the liquid iteelf, the heat of 
a water bath cannot amount to 212°. This is considera- 
bly increased, however, by using a strong solution of sea- 
salt, or any other salt, instead of water; as the boiling 
point of saturated brine is much higher than that of mere 
water. This forms the ancient Balnetan Mmia, Bath (ff 
Mary (the Virgin, as some have interpreted the term) j 
but others with more plausibiUty write Balneum Maris, 
seawater, or brine-hoik. 

BEADS, Specific Gravitt, — See Areohetrical 
' Beads, page 40. 

B&LL GLASS.— See Air Jar, figs. 38, 34, platti 
IV. page 83. 

BELL GLASS, DuLAttBUTiNG Bell Glass.— See 
Air Jar, page 3S. 
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BELL GLASS, with Stop-Cock, fig, 50, plate 1. 
— Bell glasses of this kiiid are coQTenient for trans- 
ferring gases into exhausted vessels, or ioto bladders^ 
&c. 

BELL GLASS and Bladder Apparatus, fig. 47, 
plate I. — This is one of the most useful apparatus in 
the whole collection of chemical instruments for opera- 
ting on gases, on account of the vast Dumber of purposes 
to which it may be applied. It consists of a bell-glass 
a, furnished with a brass cap and stop-cock b. c is a 
small connecting piece, with two female screws, by means 
of which a second stop-cock d, affixed to a bladder e, 
«'r to any other vessel, may be connected with the 
stop-cock b, and the receiver a. If the bladder e, 
has been previously compressed, and a conununication 
be then made with the bell-glass a, by opening both 
atop-coeks, the gas contained in the beU-glaas may of 
course be transferred into the bladder, by pressing down 
the bell-glass a, into the water of the pneumatic trough, 
the gas will be forced up into the bladder ; the stop-cock 
being then shut, the bladder may be removed. 

BELL RECEIVER.— See Air Ja«, figs. 21, 23> 
34, plate IV. page 33. 

BLADDER, witb Stop-Cock, fig. 15, plate XI.— 
A large bladder mounted with a stop-cock is very con- 
venient for throwing up soap babbles filled withhydrog«n, 
or a mixture oF oxygen and hydrogen gas, and for 
other occasional purposes on gases. The bladder is 
firmly tied to a stop-cock a, which fits the stop-cock of 
the ak holder, fig. 16, plate XI. or any air jar contaiaing 
the gas, and fdrnlshed with a brass cap and stop-cock's 
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&g. 5, plate L For throirtDg up soap buhblei inflated 
with hydrogen, a small brass tobacco pip<^ Gg- 45,, plate 
I. is fitted to the stop-cock of the bladder, and by mean* 
of the flexible jet pipe, fig. 46, plate I. the gas may be 
traniferred from the bladder as occasion may reqaire. ' 

BLAST FURNACE, (Aikin's), fig. 9, plate X.~ 
To excite a sudden beat, and to raise it rapidly to tbs 
^eatest intensity, nothing cai^ be better calculated than 
this simple fqrnace. By the ingenious contrivanoe of 
dividing a strong blast of air, issuing from a double 
bellows, and driving it forcibly, first into a small cham- 
ber a, and from thenee perpendicularly into a number of 
couTergipg.jets, through the centre of the fire place, a 
most intense heat is rapidly produced, sufficient to mdt 
down cast iron, if the fire be properly managed, and the 
bellows c worked with Tigoun Coke or cinders, free 
from clinkers and dust, taken from the common grate^ 
when the coal just ceases to blaze, broken into fragments 
of the size of a walnut, and mixed with a little charcoal, 
form an excellent fuel for this furnace; the fire being 
first kindled by a few lighted cinders and a small quan- 
tity of charcoal or chips of wood. This furnace is com- 
posed of three parts, all made of black lead. Xbelo'wer 
part, a, fig. 9, contains the blast chamber; tQ this is fit- 
ted the body of the furnace b, which is perforated with 
blast holes at the bottom ; 10, is tbc^ upper part oi; dome 
inverted upon h; it serves to concentrate the heatiritli 
more efficacy, and to make it reverberate on the bodlM 
exposed to it in l>-^ it also protects the eye frpm the 
intolerable glare of the fire when the furnace is iq full 
heat; 14, is a pair of double bellows .fitted on the stpfi^i 
^, the handlp, is Lengthened to make them wprk ^Wio'. 
Xf a very strong blast, be wantftd,' a heavy IW^gbt BWJ. 
be secured to the upper board of th* bellows. 
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BLAST FURNACE, (LswtB'B),fig. 18, plate X.~ 
This furnace consists of two blade lead pots, a, b, placed 
one within another. The inner or smaller one a, as 
shewn in the section, fits the buter one b, accurately at 
the brim, where it is secured by lute. It is perforated 
all round, to admit a blast firom the bellows, the noxsle 
of which is introduced into the hole c. d shews n 
crucible placed on its stand in the furnace. This furnace- 
may be used with cdie and oharooal for common pur- 
poses. 

BLOWPIPE, (Bbrouan's) fi^. 17, pUte I.— The 
blow-pipe in chemistry and mineralogy is an instrumeot 
of the ^eatest utility. It enables us to expose to the 
action of a most violent heat, in a ready way, any 
substance we ipay meet with, in order to ascertain its 
general nature or qualities with regard to6re: all the 
^fects of the most intense heat of furnaces may instantly 
he produced by this instrument ; and with this advantage 
tiiat the process is expeditious, and under the inspection 
of the operator ; whereas we can only conjecture what 
passes in the centre of a furnace, if the same experiment 
be made on a Urge scale. The most expensive mate- 
nals, and the minutest quantity of bodies, may be used, 
and the whole process instead of being carried on in an 
opaque veaael, may instantly be varied under the eye of 
tiie observer, and may be seen from beginning to end. 
Indeed many advantages may thus be derived from the 
one of this simple and valuable instrument. Its small- 
neas, which renders it suitable to the pocket, is na 
inconsiderable recommendation to the travelling mine- 
ralogist. It ia true that very little can be determined 
iatbase mniature astays, oonoerning the proportional 
^■utity of prodncto, bat in most cases a buoTrledge of 
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die conteotfl of any mineral substasee is a great aoqai' 
aition, whicb is thus obtained, in a very short time^ 
although the actual quantities are too minute tu enable 
the operator to ascertain their relative proportions. 

It requires a little art to keep up an uninterrupted 
blast of the blow-pipe with the mouth, which is not 
easily described; but may readily be acquired by prac- 
tice. The act of breathing must be carried on through 
the nostrils without interruption, and the stress of blow- 
ing must be performed merely by the compression of 
the cheeks upon the air in the mouth. Beginners blow 
generally t^ strong, which obliges them to take breath 
Tery often. The whole art consists in inspiring the air 
through the nostrils, whilst the air contained in the 
mouth is forced out through the blow-pipe, so that the 
action of the nostrils, lungs, and mouth, resemble the 
action of double bellows; and to accomplish this object, 
tiiere is no necessity of blowing violently, but only with 
a moderate and equable force, and then the breath can 
never fail the operator. This art of blowing properly 
is by some acquired in an instant, while othras are a. 
long time in making themselves masters of it. To those 
who experience any difficulty in the free use of the 
blow-pipe, the following directions may be of service. 
First, let the learner accustom himself to breathe freely 
with the mouth shut; then in making an expiration, let 
him transfer the air'into the mouth, till the cheeks are 
moderately inflated, and retaining it there, let him dis- 
charge the surplus of the expiration through the noatrils^ 
without allowing the air in the mouth to escape, \yben 
practice has rendered this easy, which may be. ef^ted 
in half an hour, let the nozzle with the smallest aperture 
be fixed on the jettube of the l>low-pipe, and^introdDQe 
the mouth piec<e within the Upl; then ioflate the ( 
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by.aD expiration, and continue breathing easily through 
the nostrils, till nearly the whole of the air has passed 
out of the mouth through tlie tube; then renew the air 
9S before, and after a few day's practice, the musoles of 
the mouth will be accustomed to this new mode of 
exertion, and an uniform aninterrupted stream of air 
may be kept up for half an hour witiiout any eztraior- 
dinary fatigue. 

The best kind of flame for blowing through with the 
blow-pipe is a thick wax or tallow oaiMlle with a verjK 
Ifmge wiek, which should be kept snuffed moderatdy 
low, and tbo wick turned a little aside fronf the piper 
the spirit lamp may also be used, it makes a perfectly 
clear flame without smoke, but weak in comparison to » 
thick wax candle; aldiough a wax candle is the most 
oonrenient, a thick tallow candle will do very well. 
The caudle should be snuffed rather short, and the wiek 
turned od one side towards the object, so, that a part of 
it does lie horiaoutal. The stream of air must be blown, 
along this boriEontal p^^ as near as may be' without 
striking the wick. If the flame be ragged and irregular, 
it is a proof that the bble of the blow-pipe nozslo is not 
round or suooUi ; and if the fiame have a cavity throi^ 
it, the apertore.of the nozsle pipe is too large. Whea 
tbe hole is of a proper figure, and duly proportioned, 
the flame consists of a neat luminous blue dart or cone, 
surrounded by another flame of a more faint and indis- 
tinct appearance. Too great a fiame does not easily 
yield to tbe blast, and too small a one, produces a weiJk. 
effect. 

In using the blow-pipe, the following. observatioBS 
should be attended to. Tlie end of the nozzle pipe a mut 
be just entaed into Ae flame, and the current of air 
will ttioa throw out -a cone or dact of ftanui from the 
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opposite side. If it is well managed, tk» dart or cone 
will be very distinct and well defined. Care must be 
takeD that the stream of air does not strike against any 
part of the wick, as it would then be disturbed, and 
split into several parts. The jet or blast of air must be 
delivered somewhat above the wiok; and as, unless the 
flame was oonsiderable, there will not be sufficient for 
the stream of air to act upon, for this reasoo the wiok is 
beet to be opened, because it then exposes the -largest 
surface, and produces the greatest flame; the stream 
of air from the pipe should then be directed through the 
obaMiel or opening between the wick, so as te {wodaoe 
a eone the most perfect and brilliant, directed down- 
wards, at an angle of about 45 degrees. 

Its intensity is different according to the different 
parts of the flame. The place where this intensity is 
strongest, is the extremity of the blue point of the flame. 
Every substance Jotended to be assayed with the 
Uow-pipe, should be heated very gradually, the flame 
should be directed very slowly towards it, in the begin- 
iog, not directly upon it, but somewhat above it, aaA so 
approaohiBg nearer and nearer -with the flame, until it 
iMOsmee red hot. Whenevw any mineral substance is 
to be tried, we do not immediately begin with the blow- 
pipe, because minerals are not always homogeneous, or 
of the same kind throughout, although they may appear 
to the eye to be so. A magn^ier, fig. 7, ^ate V. is 
therefore necessary to enable us to discover the hetero- 
geneous partieles, if there be any, and these ought to 
be separated, and every part tried by itself, that tk» 
cfeets of two di£ferent things examined together^ may 
not be attributed to one alone. 

Tbesttbstance upon which Uie ^ame aots onglit to 
be pioportiMied to the aixejnf the flame to wbieb' it i» 
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exposed. If Hie ape»tupe et the blow-pipe is -only of 
the diameter of a oommon j^n, the substanee ought not 
to be larger than a pepper-corn. In order to support 
the substance, it may be laid upon a piece- of close- 
grained well-bnrned charcoal, made of elm or poplar 
wood. A small shallow bole may be scooped ont with 
a knife, on the pieCe of obarooal, and the snbMance lidd 
apon it. The charcoal itself kindlm all round the 
hole, and the hole is thus gradnally enlargeid; anddw 
heat too is kept Up 'mind, tfae substance tnuch mere 
uniformly than When a metal support Is nsed. At the 
same little, however, the chetnical effect ■produced by 
ignited charcoal should not be forgotten, 'particularly in 
the reduction of metaHie osldes, and tbe deonigenation 
of the fixed acids ; so that, for example, a 4tnall heap «f 
oude of eopper, lead, or tin; heated red-bot'ofl charcoal 
by the blow-pipe, is speedily redaced to a metflllic'itate, 
hence also fragmeats of tin stone (tin ore), conm«i 
IfUd ore, or gnlena, ruby copper, &c. are easily- rednoed 
when heated on a charcoal support. 

Very small and brittle MibstanMs' are apt to ^be 
carried away by the current of 'flaiue fi-rtm the piece of 
flharcoal. These may be secured by making n deep 
oaTity in the <4tarcoal, into wfateh the'BubstaH6« is to be 
put, and eoTcredwith tOKf^tf- small piece of charcoal; 
which partly protects it from the flame. Somi^ expert.^ 
meats of reductions are best made by binding t»o €at 
pieoes of cbapoooi together, butting a channel along tiie 
piece intended to be uppnmost, and making a cavity 
in the middle of this channel to contain the matter to be 
esamined. With this ooatrivailoe the flaBrC fnay be 
wged through the channel between the'two pieces of 
Aareoal, and thus violently heats the substance in the 
caTttyj iHritb any be oonBidered as in a 'dosed furnace. 
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BLOW-PIPE, (Or. Black's.)— A ponioal tube Trith 
e jet pipe a, at its base, as represented fig. 17, plate I. 

BLOW-PIPE, (Brooke's) Oxv-HrnRoaEs Blow- 
pipe, figs. 5 and 6, pkte III. — The ipstrumeDt known 
by this name is a box of sbeet copper a, to which a 
conden^fg syringe, a jet c, and a contrivance to ensur^ 
safety frmn explosions, are attached. The principle on 
^hich it acts is the elasticity of the aif; air being 
thrown into the reservoir b; meaos of the syringe, iq 
there retained in a condensed state, until the jet-cock » 
opened, Trhen its elasticity causing it to i#st)e wil^ great 
force from the orifice, a stream is formed , ytidch may 
be thrown, by means of a uniTersal jeint d, in any direc-^ 
^n on the flame of a la^p. 

As the nature of the instruqient permits the introduc- 
tion of any gas of mixture of gases into it, it has givei* 
rise to a frequent and effectual appUcalioo in the pro- 
duction of intense heat, by the combustion of a stream 
of oxygen and hydrogen gapes from the jet ; but as 
Ibese mixtures vben confined ip any quantity, cause on 
Iqflammation, violent ttnd dangerous explosions, it ivaa 
necessary thai some fartib«r addition should be made ta 
the apparatus than frhat was required to fit it for the 
use of a single gas, to preveut the inflammatioit pass- 
ing from the jet c backwards to the mivture in the 
reserroir a- 

. On the principle of safety laid down and demonstra- 
ted by Sir Humphrey Davy, small tubes of glass were 
used in the first instanee yiHh perfect success; but as a> 
slight variation in ^e diameter of the bqres rendered 
them incapable ip pertain circumstances of prereating 
the passage of the flame backwards, a small appuittus 
hasb^en attaohe4te the instrument, to ^ipader it per- 
fectly secure. 
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This addiiioDal part is called the trough; it is ia- 
«erted in the box, the upper part, or head e, ooly 
a[^ariDg above; from Aia head proceeds aatt^-cock, 
^ to which the jet is fixed. 

When the head e is taken off, by meana of the ke|r i^ 
the interior of the trongb is seen. It oonuBts of a cirr 
oular Tess«l, deaoending to the bottom of the resarvoir, 
and intersected at ahoat two>tMrds of its depth by a 
pieoe of very fine wire gauze. At the bottom of the 
vessel is a Talve which coTeni four unall holes connected 
with a snail tube, riiing by tiie side of ibe trough ts the 
upper part of the reservoir, but concealed in its interior. 
The top of tiiis tube is covered with fine wire gause to 
prevent fweign matter getting from the reservoir to the 
valve, and there is a third screen, of the same kind, within 
the head of the trou|^. 

Wti^n the instrnment is to be used it should be put 
together, with the upper end of the syringe ooonected 
with the stop-cocks, at the hinder part of the reservoir, 
as in fig. 6, and then on working the piston, the syringe 
exhansts the retervoir of the idr it contains ; the stop- 
cocks should thcD be closed, and the syringe taken off and 
l^aced in its upright position, as in fig. 5, and then the 
Madder g, cmtaining the mixture of gases, being con- 
nected with the part before attached to the reservoir, 
the gas will issue from it on ^e stop>oocks being opened, 
and fill the vacuum formed by the previous process. 

This being done, the head of the trough is to be 
unscrewed, and water poured in to about half an inph 
above the lower screen of wire gauze, and then the head 
ia to be put on very tightly as before. The mixed gases 
are now to be condensed into the reservoir, by working 
the piston until the contents of one or more bladders, 
OS may be deemsd re<iuitite, are thrown in, and then all 
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tile stop-cocks bein^ shu4^ the ' iostmment is ready for 

ftOtfon. ■■' 

' The jet'c shonld be gradtrsltyofieDed-btffofe'ttMligbt 
is applied to it, and the ear beingbrdugfat near th6 box, 
«D4«aroi^s shoaldbe made tatreartUepleybf <(be Water 
» thetrau^ M tiie gaaptsMV thrtm^bltV'if that* is 
evident, all is ngkt^ and tJteouFrftM'Hiay be'inflamed Ht 
tiie jet prpe; it no s&anAia heard oftbe water bubbling, 
then, whethei< a stream issties ornot fVon ^e^et, dome- 
thiag- is wrong,' and the bead' of the trough 'Should' be 
take off to aseertain the state of ttrtogs ttitbi*. This, 
hovrevcT, may 'almost be «alledr a useless pifecantioD, 
since an occorrence of the kind has never happened, and 
does not appear possible, if the appamttia'b'e in order. 
Should it happen, it must be «oeasioned by the pamage 
of the water backwards into the reaervoir, owing to an 
inefficient tb1v«, and the apparatus flboutd not be used, 
but sent to lie repaired by the' workman who oonstrueted 
il. 

Daring the whole tieaethefleiBe ia butving, the water 
win- be heard to pley iu the trough. If the cnirent is 
inHamed, and the instrument abandoned to itsdf, the 
flame iriU go on burning, untilthe expansiTe force of Ae 
atmosphere, vritlrin the- b«x> fs do longer sufficient to 
propel a stream with the required rapidity through tin 
tube ; at tfais time the inflammatron' will pass hackwardSj 
unless the tube is very Hue, and will fire the smdl 
quantity of mixture in the upper part of the trougb, and 
then its efltcts will cease, the atmosphere in the reserroir 
remaining as before. When, howeverj the regular tne 
of the instrument is required, !t is better to shut the 
jet-cock /before the atmosphere iff quite out, andcon- 
dense in a fresh purtion of gas. 

Attention shoold be pdd to the quan^ of wator in 
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the trottg^li — it.BboaM oovCv tiu wire guuu^ but not to 
too great a height ; if there be too much water it it 
poftnUe that the agitation o»uae<l by the passage of the 
gas through it, may throw a. drop or two through the 
gauze abone against the inaer orifiee of tbe jeb tuhe, 
i^uob would <»US6 aspvttering.io the flame.. 

Wheo a large jet or sereral snail' collateral jets are 
used a stronger oarreAt of gas is required to supply 
tbe Bombustuin and keep it on the exterior of tbe orifice ; 
the baud dierefore diould be retained on tbe jet-oock, 
opening it wjilec as the elastioity of the air wtthiB 
dinuBiahast. if this is not done, the inflainmatioa will 
pass through whilst the ourrent still exists, ami causa a 
oombustioD iU'tbe trau^. Then two events may happen, 
«eUJier of which, however, is in tbe least dasgerons'; 
the whole of the gas above .the water may be fired, ia 
iriiich case tbe OomboBlioniaat 9Xt end; or, it may burn 
euitio«iisly on the upper siufaee at the wire gauxe in 
(he bead of the trough, as'lbng as any gas passes iioni 
the reservoir tkrougb the. water. In the latter case the 
hsat wiJl be great on the wire gauzoj and perbiqis 
infficieat to injure it. 

For this reason, as well as to pcovide against casu^ 
sUties, tbe apparatus should' be examined' each time 
before being used, that all may be in order; and when 
ditne with, and to be put aside for more than a few 
day^, it is advisable to tiirow out the water from the 
tfoqgb. 

Aa a supeifAundaucs of caution is certunly better 
than that whiehwe may eonoeive to be suAieient, it will 
be as welt to notice, that the end of the' reservoir 
nearest to tbe syringe is always mode weaker tbaa amy 
other part ; so that if an explosion happens purposely, 
or by some unforeseen accident, it will find vent at that 
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place in preference to any other, and in a few iRstances 
that have happened in the first tri^s with thia instru- 
ment, either for experimental illustration or otherwise, 
-that part and no otker has always yielded ; Ae simple 
precaution, therefore, of standing away fram the end, 
when an instrument from long wear or other causes 
lUits badly, may be attended to. 

BLOWPIPE, (Dr. Wollabton's), figs. M and 33, 
plate I.— It consists of three tahee, so adapted to each 
other that they may either he pacdced together, or one 
within the other, the whole is reduced to one half of its 
ireal dimensions in the sketches. 

In fig. 22. the interior tube ia shewn to be sonewbat 
Imger than the exterior ; and it is made so, thatitmay 
he more readily withdrawn. 

In each figure, lite nppw edge of the large end 
appears turned outward, ia order to dirouii^ the effhrt 
of the lips requisite for retuning it in the month. 

In fig. 3S, it will be seen that the sBtall extremity is 
placed obliquely, at an angle of about 190 degrees, that 
the flame impelled by it may be carried to a more oon- 
venient distance from the eye, so as to answer the pur- 
^se of a longer blow-pipe. 

The oblique piece a is iteelf composed of three parts, 
of which ^e largest is made stronger than the rest of thte 
'blow pipe, that it may not be strained by frequent use. 
One end of this is closed, and into the other is inserted 
a small peg of wood, perforated so as to reoeive-the tip, 
which is intended to be ocoasionally separated, for the 
purpose of passing a fine needle into it to remove any 
accidental obstruction. 
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BLOW-PIPB, Self-acting, fig. 6, plate II.— The 
action of this blow-pipe depends on a rapid stream of 
alcoholic vapour passing through the flame of a lamp, 
attached to the instrument. It produces a cone of blue 
fire, five or sis inches long, accompanied with a hissing 
noise. The whole apparatus is neatly turned in brass. 
A globe of copper a, which contains spirit of wine, rests 
on the frame g: the tube x is continued within the 
globe almost to the top, and serves for conveying the 
spirit in the form of vapour, or gas, to the flame o of 
the lamp p. / is a safety-valve, occasionally forced up 
by the vapour, which would otherwise burst the appara- 
tus, t/ is the opening by means of which the spirit is 
introduced. 

The flame of the lamp boits the spirit of wine, which 
comes over through the tube x, in the form of gas, and 
being conveyed through the wick of the lamp, produce 
a heat strong enough to melt glass, &c. 

BLOW-PIPE, .WITH Self-Adjostino Candlestick, 
fig. 3, plate III. — a is the candlestick, which may be 
slided backwards and forwards upon the plate. The 
rack in the tube serves to raise the candle. The ball b 
of the blow-pipe, together with its jet tube e, e, which 
may also be raised and lowered in order to direct the point 
accurately towards the flame. The charcoal stand is 
likewise moveable upon the base/; but at the same time, 
as the drawing shews, its pillars are by means of the 
sliding pieces, capable of a lateral motion besides that 
the charcoal can be vertically turned upon the pillar. 
It is an expensive apparatus. 

BLOW-PIPE, WITH Stop-Cock, fig. 46, plate I — 
a is a metal blow-pipe, screwed into the stop-cock b, 
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which may be joined to a bladder. The bladder being 
filled with oxygen gas, a very intense heat may lie 
produced by directing the stream of gas on a piece of 
ignited charcoal. 

BLOW-PIPE APPARATUS.— A smaU mineral©- 
gical case for the pocket, containing a blow-pipe, a 
double magnifier, platina foil, a blow-pipe forceps, 
bottles of fluxea, a steel graver, test tubes, and the most 
essential re-agents necessary for the immediate exami- 
nation of minerals. It affords a convenient way for 
examining the nature or composition of minerals, though 
the actual quantities of the substances discovered are 
too minute to enable the operator to ascertain their rela- 
tive proportions. 

BLOW-PIPE SPOON, fig. 13, plate X.— Those 
bodies upon which charcoal acts chemically when iDten- 
ded to be exposed to the blow-pipe flame, without 
suffering such changes to take plaop, may be placed in 
a small spoon, somewhat less than a quiyrter of an inch 
in diameter, made of gold, silver, or platina. The spoou 
must be properly fixed into a wooden handle a. Silver 
or gold spoons are best adapted for fusions with alcaline 
fluxes, for which those made of platina are entirety 
unfit; they have nevertheless the capital disadvantage 
that they will only bear a dull red heat without risk of 
melting, whereas spoons of platina are perfectly infusible 
by the bloW'pipe flame. 

BLOW-PIPE FORCEPS, fig. 4, plate V.— This 
small forceps, which is entirely made of platina, is 
convenient and useful for easily exposing solid materials 
to the dart of the blow-pipe flame. They cannot be 
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melted nor oxidated, nor do they become too hot to be 
held by the fingers during trial, on acconnt of the bad 
conducting power of the metal of Trhich they are fabri- 
cated. They are also conTenient for handling or taking 
out irom melted fluxes the small bead of the product. 

BLOW-PIPE FOIL.— This name is given to pla- 
tina foil, of the thickness of fine writing paper. ' It is 
very serviceable for exposing to the flame of the blow- 
pipe such substances as readily split, and are dispersed 
when heated by the blow-pipe dart on charcoal, or when 
held by the forceps in the spoon. Any substance, 
wrapped up in a piece of this foil, may readily be kept 
steady during trial. 

BOILER, fig. 6, plate VI.— This figure exhibits 
the method of fixing large boilers, which of late has 
been adopted, and said to economise fite). The boiler 
is set in brick work, and the furnace by which it is 
heated resembles a vault; and to add to the eOect pro- 
duced by the beat, the middle of the fire-place is rather 
larger than its sides, which makes it perceptibly concave, 
as opening is made also in the middle of the vault, 
which is intended to increase the rapidity and the 
Btrength of the fire. 

BOILER, Steam Boiler, fig. 16, plate IV.— The 
use of steam, which has been introduced as a vehicle 
and source of heat, affords an example of the scientific 
application of the principles of latent or combined 
ealoric. By conveying steam into water, it is condensed, 
and by the evolution of the latent caloric by the con- 
densation, the temperature of the water is reused, so as 
Boofl to arrive at 313°. In certain arts, as in that of 
F 3 
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dyeing, where targe quantities of water are to be heated 
ill separate vessels, this method has superior advantages. 
By having a common boiler, from which the vapour is 
conveyed by tubes, the loss of heat is much less than if 
fire was applied to each vessel, and at the same time 
the vessels are subject to less wear, and maybe cod- 
Btructed at less expence. This method has accordingly 
been employed with success. 

This apparatus, which is copied from Henry's Che- 
mistry, is us^ul for exhibiting the most important 
experiments respecting latent heat ; a is an oval copper^ 
copper boiler, &c. On the cock c may be screwed 
occasionally, a valve, loaded in the proportion of 14 
pounds to the square inch. Tbe bailer being rather 
more than half filled witli water, and the perforated cap 
(I being screwed into its place, the ball of the thermo- 
meter will be an inch or more above the surface of the 
water, and will indicate its temperature, as well as that 
of the steum, both being, necessarily, in all cases, pre- 
cisely the same. Allowing the steam to escape through 
the cock c, before affixing the valve, the temperature, of 
the steam, under a mean atmospheric pressure, will be 
SIS'*. When an additional atmosphere is added by the 
weighted valve, it will rise to above 240°; by a valve 
twice as heavy as the first, or loaded in the proportion 
of 2S pounds to the square inch, the temperature of the 
steam will be raised to nearly 270°. 

For elucidating the production of heat, during the 
condensation of vapour, &c. the right angled pipe c 
must be screwed air tight, into its place, and must be 
made to terminate at the bottom of a jar/, containing a 
known quantity of water of a given temperature. This 
conducting pipe and the jar should be wrapped round 
with a few folds of flannel. The apparatus being thus 
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disposed, let the water in the boiler be heated by an 
Argand's lamp, with a large wick, till steam issues in 
considerable quantity through the cock c, whicti is then 
to be closed. The steam will now pass through the 
right angled pipe c into the water contained in the jar /, 
which will condense the ateam, and will have its tempe- 
rature very considerably raised. Ascertain the augmen- 
tation of temperature and weight ; and the result will 
show, how mucb a given weight of water has had its 
temperature raised by a certain weight of condensed 
steam. To another quantity of water, equal in weight 
and temperature to that contained in the jar at the 
outset of the experiment, add a quantity orf water at 
213°, equal in weight to the condensed steam -, it will 
be found, on comparison of the two resulting tempera- 
tures, that a given weight of steam has produced, by its 
condensation, a much greater elevation of temperature, 
than the same quantity of boiling water. This will be 
better understood by the following example, taken from- 
actual experiment: 

Into eight ounces of water, at 50° Fahrenheit, con- 
ttuned in the glass jar /, fig- 16, steam was passed from 
the boiler, till the temperature of the water in the jar 
rose to 173°. On weighiog the water, it was found to 
have gained 8^ drachms; that is, precisely 8^ drachms 
of steam bad been condensed, and had imparted its heat 
to the water. 

The large quantity of caloric latent in steam renders 
its application extremely useful for practical purposes. 
Thus, water may be heated, as in the foregoing experi- 
ment, at a considerable distance from the source of heat, 
by lengthening the conducting pipe c. This furnishes 
us with a commodious method of warming the water of 
baths, which, in certain cases of disease, it is of impor- 
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tance t« have near the patient's b«d-rooni ; for Uie boiler, 
in which the water is heated, may thus be placed on the 
ground floor, or in the cellar of a house, and the steam 
conveyed by pipes into an upper apartment. Steam 
may also be applied to the purpose of heating or evapo- 
radng water, by a modification of the apparatus. Fig. 
19, plate IV. g represents the apparatus for boiling 
water by the condensation of steam, without adding to 
its quantity ; a circumstance occasionally of considerable 
importance. The steam is received between the vessel, 
which contains the water to he heated, and ad exterior 
case; it imparts its caloric to the water, through the 
substance of the vessel, is thus condensed, and returns 
to the boiler by the perpendicular pipe. An alteration 
of the form of the vessel adapts it to evaporation, fig.lS, 
k. This method of evaporation is admirably suited to 
the concentration of liquids, that are decomposed, or 
itg'ured, by a higher temperature than that of boiling 
water, such as medicinal extracts; to the drying of 
precipitates, &c. In the employment of either of these 
vessels, it is expedient to surround it with some slow 
conductor of beat. On a small scale, a few folds of 
woollen cloth are sufficient; and when the vessel is cen- 
structed of a large size for practical use, this purpose is 
served by the brick work in which it is placed. 

Fig. 26 is a section upon a larger scale of the collw 
joint at b, fig. 16, plate IV. made for the convenience 
of screwing together long or crooked metal tubes, without 
turning them round, a is a section of the end of one of 
the tubes, and b that of the other which is to he attached 
to it; c is a collar which turns loose upon the shoulder 
of a and screws upon b. By screwing this collar upon 
b, the end e eot the tube a is brought to press upon the 
part dd of the tube b, without turning round either of 
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those tubes. If upon d be laid a rin^ of linen doth, 
soaked in boiled linseed-oil, the joint, when screwed up, 
if tolerably vrell made, will be impcrTious to steam, as 
wdl as to water or air. The projecting at d is for 
preserving the ring of cloth from being displaced, and ' 
for guiding the ends of both tubes, so as to meet pro- 
perly. 

^ ^ is a section of a socket, for fixing the stem of a 
thermometer into a boiler or a digester, where there is 
much heat and pressure; & is a socket, fixed on the 
outside of the boiler or digester, haying a hole through 
it large enough to admit the bulb of the thermometer ; a 
is a plug which screws into i, having a hole through its 
centre large enough to admit only the stem of the ther- 
mometer; c c is a loose round plate, concave on ^e 
i^per side, having a hole through its centre just suffi- 
cient also to admit the steam of tiie thermometer. — 
When the instrument is to be inserted, the plug a, and 
the plate c, must both he taken out of the socket. The 
balb is tiien passed through it. The plate c is next 
slipped over the stem, and dropped into its place. Some 
Sax, soaked in linseed-oil, must next be wrapped round 
the stem, so as nearly to fill the socket. The plug a 
must then be screwed in, till the flax be compressed so 
as to make the whole sufficiently tight. The opposite 
surfaces of the plate c, and the plug a, are made concave, 
for the purpose of compressing the flax round the stem 
of the thermometer. 

BOLT-HEAD. — Tliis name is given to a spherical 
glass vessel, flattened a little at the bottom, and provided 
with a long slender neck. It is chiefly used for making 
solutions, and for proceuefi of sublimation. Pig. 7, 
plate IX. is a bolt-head. 
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In order to aiiblime any subatance, a part of the 
globe of the bolt-head is surrouaded with sand. The 
matter which is volatilized by the heat, rises, and is 
condensed against the coldest part of the vessel ; where 
it forms a stratum or cake, that may be taken out by 
breaking the vessel itself. In this manner it is that 
corrosive sublimate, calomel, camphor, and other similar 
products, are formed for the purposes of commerce ; the 
neck of the vessel is loosely stopped. 

The heat is most commonly applied through the 
medium of a sand-bath, and the degree of beat, and the 
depth to, which the vessel is buried in it, are regulated 
by the nature of the product. 

Sublimation is sometimes performed in a crucible, 
and the vapours are condensed in a paper cone, or in 
another crucible inverted over it. The process is also 
conducted in the small way in Florence fiasks. For 
very small quantities of substances common medicine- 
phials are frequently made use of, and for this purpose 
set in the sand of a crucible-bath in such a manner that 
the body sublimed adheres to their prominent and cooler 
part. 

If a small quantity of muriate of ammonia is put into 
a flask, and heat appUed to it, the entire salt rises in the 
form of white smoke, and condenses in the upper part 
of the flask, in the form of a crystalline mass, which is 
a sublimate. 

Where a very great beat is required, an earthen retort 
is the best vessel for sublimation, and the sublimed sub- 
stance may be collected, eitiier in the cooler extremity 
of the neck of the retort, or in any receiver beyond it - 
which may be adapted to it. Thus zinc may be distilled 
from calamine and charcoal, or phosphorus from phos- 
phoric acid and charcoal, simply by dipping the end of 
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the Aeck of the retort in water, and the suhlimed sub- 
stance, in either £ase, coacretes partly within the neck 
and partly in the water. Where the raporized sub> 
stance, which is solid when cold, - is passed through 
water, it concretes into a remarkably fine powder, instead 
of a hard cake, as is usually the case when the receiver 
is dry. Advantage has ingeniously been taken of late 
of this circumstance in (he preparation of calomel, in the 
laboratory of Messrs. Howard and Company, to save 
the labour emjrioyed in IcTigating this important mercu> 
rial preparation, for by driving the vaporized calomd 
through water, it concretes into a powder which soarcdy 
any mechanical operation could bring to equal in fineness. 

Sublimation is also occasionally' performed either in 
a retort and receiver, or in an alembic and capital, as 
will be presently described. This is commonly done 
where a part of the vaporized substance condenses also 
into a fluid, which is to be preserved. 

Sublimation therefore is a process by which certain 
volatile substances are raised by heat, and again con- 
densed by cold, into a solid form, hence it differs from 
distillation only in the form of the product. The for- 
mation of soot in our chimnies is an instance of aubli' 
mation. 

BOTTLE, Cast-Iron, fig. 3, plate XII.— BotUes 
of this kind are intended for obtaining such gases as 
cannot be disengaged without exposing the materials 
from which they are to be produced to a red heat. 
Fig. 6, a curved tube fitted by grinding. Fig. 11, plate 
IX. exhibits a cast iron bottle very convenient for 
obtaining oxygen gas by heat, from per-oxide of mao- 
ganeae, by means of a common fire. Fig. 17, arefluxible 
metal tubes, fitted by grinding to the mouth of thi:^ 
bottle, these are useful for couveying gas in any direc- 
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tioo, and to any moderate distance. Separate lengths 
of them may be connected togeth^ instantly, and 
adapted to the retort, gazometer, or other vessel from 
which gaa proceeds. In fig. |B, a a, plate V. tlie use of 
these tubes is shewn by conneeting the air-holders, b b, 
with the gazometer. 

BOTTLE, SpECiric Qunrv Bottle, fig. 63, plate 
I. — A small bottle, with perforated tnbe-itopper, for 
finding the difference between measarea of weight and 
measures of capacity. For example, when the bottle is 
filled up to a certain mai^ in the tube, with distilled 
water of a given temperature, it should bold exactly 
SO or 100 gnuns, or any even Dumber of grains. The 
quantity which it ia found to ctHitain of any other fiuid 
of the same temperature, denotes the specific gravity of 
tbe latter fiuid. For example, if it holds 1000 grsuns of 
water, and 1850 of sulphuric acid, the specific gravity 
of the sulphuric acid is to that of water as IBSO to 1000. 

BOTTLE WITH BBCURVED Tubs fitted bt aaiNOtite, 
fig.3, plate IX. — This bottle is useful for the production 
of gases ; they are commodious when the evolution of 
the elastic fluid is not rapid, and the quantity demanded 
only moderately small. The bottom part of the vessel 
being made round, and blown thin, renders it not liable 
to crack by the application of a gentle heat. Bottles of 
this kind are sometimes tubulated, b fig. 18, plate II. — 
or fhrnished vriUi an acid-holder as shewn fig. 29, plate I. 

BOTTLE wiTB Two Nbcks, fig. IS, plate IX. 

BOTTLE with Three Necks, fig. 16, plate IX.— 
Bo$h these bind of bottles are employed in compound 
distillation. See Distillatobt Appabatits, cohpobko. 
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CALORIMETER.— This elegant apparatni is em- 
ployed for estimating the comparative quantities of 
caloric contained in bodies. Its action is founded on 
the fact, that ice or snow, in melting, absorbs always a 
uniform quantity of caloric : and therefore, by placing a 
hot body in contact with ice, so that the whole of the 
caloric it gives out in the redaction of its temperature 
to 33°, shall be communicated to the ice, and speDt in 
melting it, we may determine, from the quantity of 
water thus formed, the portion of caloric which has beea 
conunonicated by the hot body. 

This instrument consists of three vessels, fig. 1, plate 
XIV. a, b, c, adapted to each other, and inserted tiw 
Que within the other, so as to leave a cavity between 
the sides of each. 

The smallest or innermost, a, is a cage of iron net- 
work, and is designed to contain the body wluch is to 
be subjected to experiment. It is supported by iron 
hooks a, and attached to the internal cavity of the 
second or middle vessel b. This one is designed to 
contiun the ice, from the melting of which the quantity 
of caloric given out by the body in the first vessel is to 
be estimated. The ice is broken intc small pieces; 
tiiese are supported on an iron grating d fig. 5, at the 
bottom, through which the water filters, and is conveyed 
•ff by a pipe, with a stop-cock, which comes from the 
bottom of the vessel. It has a double cover, fig. 4, also 
adapted to it, capable of containing ice; the under part 
of this being perforated, so that the water, which may 
be formed from the melting of any of the ice it contains, 
may drop into the cavity itself. The third, or outer 
vessel c, is similar in its construction to the second, and, 
like it, is to be filled with pounded ice, when the experi- 
ment' is to be performed. The design of it is to prev^t 
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the agency of the external atmosphere. It would be ' 
iDcODTenient to operate mth this instrument only when 
the temperature of the atmosphere is at 33° ; but it is 
obvious, that at temperatures above or below this, a heat- 
ing or cooling agency would be exerted by the external 
air on the ice, which is designed to be exposed to the hot 
body only. If the atmosphere were above 3-2", it would 
communicate caloric to the ice, and of course would con- 
tribute to its fusion, and prevent us from ascertaining 
the quantity of water produced as a measure of the 
quantity of caloric which the hot body had given out ; or 
if below SS" it would abstract caloric, and lessen the 
quantity that would otherwise be melted. The design 
of the outer vessel is to obviate these sources of error, 
and surround tiie ice in the middle vessel with a medium 
at the temperature of 32*. It also has a double cover, 
fig. 14, containing pounded ice, to serve the same pur- 
pose, ^ is a tube and stop-cock by which the liquid can 
be withdrawn. 

The method of performing the experiment with this 
apparatus is obvious. The substance on which we are 
to operate is raised to a certain temperature, which is 
ascertuned, and is then suspended in the innermost 
cavity, the middle cavity having been previously filled 
with pounded ice pressed down, so that no void spaces 
shall remain, and drained so that no water remains 
mixed with the ice. The caloric it gives out in falling 
to 33% is communicated to the ice in this cavity, and 
melts more or less of it. Lavoisier and La Place cal- 
culated from experiment, that ojie pound of ice in melt- 
ing absorbs a quantity of caloric which would raise the 
temperature of water 135 degrees of Fahrenheit, and 
proceeding ou tlus calculation, by withdrawing the 
quantity of water produced, and weighing it, it was easy 
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to ascertain the quantity of caloric which the substance 
in the raductioii of temperature it bad suffered bad gireu 
out; its freight bein^ exactly proportional to the quan- 
tity of caloric which the body had given out in its 
reduction of temperature. By repeating the experiment 
on different bodies, the comparatiTe quantities of caloric 
they erolve in passing from one temperature to another, 
and of course the comparative quantities they contain, 
were determined. Liquids were introduced in a glass 
matrass, which was suspended in the cage ; the quantity 
of caloric which the glass would give out, being ascer- 
tained by a previous experiment, and airs were operated 
on, by passing them through a spiral tube, which was 
fixed in the middle vessel, a thermometer being placed 
at each extremity of it, to ascertain the temperature of 
the air as it entered and passed out. 

These experiments should be made at a temperature 
at or a little above 32°, as, below that, the contents of the 
outer vessel may be entirely frozen, be cooled, and ab- 
stract caloric from the middle vessd. Nor should the 
temperature be more than 10 or 12 degrees above that; 
for the air included in the instrument, being then heavier 
tlian the external air, descends, issues by the tul>e at the 
bottom through whicli the water runs off; and thus a 
current of air is formed which communicates heat to the 
ice. The nearer, therefore, the temperature ofthe exter- 
nal atmosphere is to 32°, the experiment will be more 
accurate. 

The action of the apparatus has been supposed, 
however, to be liable to some errors, which have rendered 
it doubtful, whether, on the whole, it is accurate. Two 
circumstances have in particular been pointed out by 
Mr. Wedgwood as influencing the results. 

The first is, that part of the water formed by melting 
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of the iee, is reti^ned by capillttry ftttractioU in the 
mterlKices of the uomelted ice; and hence the qoantity' 
Aat passes offby the tube, at the bottom of the appara- 
tus, is not the proper measure of the quantity actually 
produced, Lavoisier and La Place itere aware of this 
source of error, but they supposed it could not he of 
any importance, or mig^bt be obTiated by strewing the 
pounded ioe in the oalorimeter, in thin layers, and 
allowing it to stand for some time in an atmoephere 
above 32*>, before the experiment was begun. It would 
thus have imbibed all the water that it could retain by 
ci^illary attraction; and therefore the quantity would 
be the same at the beginning and at the end of the experi- 
ment. It is ohvious, however, that as in the progress of 
the experiment^ the quantity of the ice, and its arrange- 
ment in the vessel must be altered, the portion of water 
retained by capillary attraction will not be precisely the 
same, though it is difficult to say to what extent this 
source of error may operate. 

. Another more important effect arises from a sin- 
gular fact, discovered by Mr. Wedgwood, that the ope- 
rations of thawing and freezing actually go on in the 
apparatus at the same time, or tiiat part of the water 
which is melted in the upper part of the middle vessel, 
in filtrating through the ice, again returns to the solid 
state. Mr. Wedgwood has very clearly shewn, that this 
is the case, especially in the lower parts of the apparatus, 
the fragments of ice thrown in loose being frozen toge- 
ther, so that a passage made through the loose ice is 
soon nearly filled up. 

Fig 3, plate XIV. represents a perspective view of 
the calorimeter, without its cover, fig. 3 and 4, the wire 
cage and its cover belonging to the machine: 
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CAPILLARY DROPPING TUBE, fi;. 50, plate 
I. and fi^. 57. — ^This naiiM is iJTen to a tube of thii 
shiqve^ Mown ia the middle into a bidl, for droppfa^ 
Kqaids. The ball is filled by tbe action of the moadi 
allied to the upper orifice, bridle tfte lower one i» im- 
mwsed in the lic^uid. To the former the fin^r is then 
applied; and, on oautionsly remoTipg it, the liquid ii 
mpelled in drops; or, whm tite bell is filled, the water 
may again be forcibly driren out by the breath : and, if 
directed against the inner sides of a fiitre, will wash 
down to the bottom eTery minute particle of the preci- 
jMtate adh«nDg> to it, and thus collect it together. 

CAPITAL, fig. 59, plate I— The npper part or 
head of the alembic. See Alehbic. 

CAPSUL, fig. 58, plate I.— Capsuls or basons 
made of glass, in the composition of which no oxide 
of lead enters, do not easily cradc, and stand a low 
red heat in the sand-bath very well, without bending 
or losing their shape. 

Glass capsules cannot resist the immediate action of 
fire without incurring ^most the tiertainty of breaking. 
To prevent this accident, they may be corered with day 
lute. In this state the capsul may be used for cTapora- 
tion, and exposed to the action of a strong and sudden 
heat without breaking, provided however, the substance 
they contain be liquid. 

When employed with the sand-bath, they must be 
half buried in the sand, in such a manner that the bot- 
tom of the vessel may be separated from the fire-place 
by a bed of sand. The. heat of the fire may then be 
gradually transmitted by the sand ; and the refrigeration 
afterwards takes place by insensible degress, so that the 
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capsul neTer rec^ves the Bodden irapressioii dthw of 
cold or heat, aad the operation proceeds with regularity, 
even when we neglect to keep up the same degree of 
heat. When the glass oapsul is very thin, and of a 
small size, it may however be safely placed on the riag 
of the lamp fumaee, and the beat of an Argand's lamp, 
OBUtionsly regulated, may be applied wiUi safety. 

Very useful glass capsnls may readily be formed of 
glass flasks in the following manner: heat a piece of 
thick iron wire provided with a handle, and apply it 
red-hot to the part where the separation is to be made, 
moving it in that direction for the space of three or foor 
lines. The glass cracks with the impression of the 
heat, and the ' crack follows the part that is hottest. 
When the crack begins, pursue it with the iron, bearing 
upon it. It is best to cleave the glass in the direction 
of the orifice of the flask, because each capsul is then 
provided with a spout or beak which is convenient 
for pouring, decanting, &c. 

When the vessel does not split by the first application 
of heat, communicated by the red-hot iron, the crack 
may be produced by the application of a wet body to the 
hottest part, or by throwing a drop of cold water, upon 
it, which will infallibly produce a crack, and which may 
dien be readily extended in the manner above stated. 

CAPSUL, Gkandlatimo Cafsul, fig. 12, plate IV. 
— Two hermespberical cups, made of wood, which accu- 
rately screw together, to form a hollow box. The fused 
metal intended to be gruiulated is poured into the box, 
the inside of which should previously be rubbed with 
chalk. The box is then quickly agitated, till the metal 
cools, when the rolling motion will be converted into a 
rattling one. The metal will then be reduced to a fine 
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granular poirder. The adherent chalk ia then (o be 
irasbed away. 

CARBOY. — This oame is given by obemistB to a 
yery large glass vessel, fifom eight to twelve gallons 
capacity, and of the form of a compressed ^obe, with 
a short neck. It is used by manufacturers for contain- 
ing sulphuric, nitric, or muriatic acid. It is generally 
packed into, and protected by, a basket of wicker work. 

CASTING CONE, fig. 13, plate VIIl— A metal 
mould having the form of an inverted cone. When the 
fusion of substances, that do not unite, or seperate during 
fusion ia completed, the melted matter may either be per- 
mitted to cool in the crucible, or be poured into a 
easting cone, by which means the heavier substance col- 
lects mors readily together into a mass, at the bottom of 
the vessel. It is usually made of brass, turned smooth 
within, so that the melted matter does not adb«re to tb« 
sides of the vessel. 

CONDENSING SYRINGE, fig. 38, plate I.--A 
considerable part of the caloric, which exists in gases in 
a latent state, may be rendered sensible by rapid mecha- 
nical compression. Thus if air be suddenly compressed 
in the pall of an air-gun, the quantity of caloric liberated 
by the first stroke of the piston, is sufficient to set fire 
to a piece of the tinder called amadou. A flash of light is 
also perceptible at the moment of condensation. This 
fact bas been applied to the construction of a portable 
instmment for lighting a candle. It consists of a com- 
mon syringe, about six inches long, and } of an inch in 
the bore. At the lower extremity of the piston is a 
cavity which receives the substance intended to be fired. 
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and eTolves sufficient heat to set the tinder or aamdom 
on fire. 

CONDUCTINQ TUBES, tip. 17, pbte IX.— 
Theee tubes are tot; useful for coBveyiug ^s in any 
direction, and to raod»ate distaneee. Separate lengths 
of them may be connected toother instantly, and 
adapted to the retort, gasometer, er other Tesael, from 
which gas proceeds. The tube a is furnished with a 
metal joint at b, made air-tight by grinding, this allows 
the longer extremity of the tube to be put into any 
direction required. 

CRUCIBLE, figs. 11, 12, 13, and 14, plate I.— When 
solid substances are to be exposed to these intense heats 
to fuse them, or to favour their mutal obemioal action, 
the vessels, generally employed, at least for experunental 
purposes, are called crut^bles. They are usually of the fona 
of a short truncated inverted cone ; some are triangular. 
Cnioiblesaremadeof different materials, according to the 
puiposes for which they are to be used. A crucible ought 
to support the strongest heat without meHing ; it ought 
to resist the attacks of all such agents as are e^qtoaed te 
heat in vessete of this kind. 

The Hessian crucibles are con^sed of day and Band, 
they will support an intense beat for many hours, with-> 
out softening or melting ; but they are disposed to crack 
when suddenly heated or cooled. This inconvenieoos 
may be, on many occasions, avoided by using a double 
Oruoible, and filling np the interstice with sand, or by 
covering the crucible with a lute of day and sand, by* 
-which means the heat is transmitted more gradually and 
•^BiUy. Those wliioh give a clear sound when sf ruok. 
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and sre of kd nniform tiiicknees, aod have a r^duh 
brown colour, without black spots, are reckoned the best. 
They are sold in nests or sets. 

Wed^ood's crucibles, made of porcelain day, ase 
Tcry excellent for all experimental purposes in the small 
way. They are very smooth within, and stand a strong 
heat. They should be coated with fire lute before tbey 
are exposed to the action of a very intense beat. 

The black lead crucibles, formed of clay and plum- 
bago, are very durable, resist sudden changes of tempe- 
ratnre, and may be repeatedly used ; but they are des" 
troyed when saline substances are melted in them, and 
suffer a partial combustion when exposed red-hot to a cur- 
rent of mr. They are also rery smooth within, so that the 
molted mattcars, when poured out, do not adhere to the 
Ulside. They are totally unfit for the fusion of alcaliBe 
and saline' natters, and answer best for metals and 
metallic substances. Tbey may be used more than 
ence. 

Silver crucibles (of perfectly pure silver) arepartiou- 
larly useful in analytical operations, for the fusion of 
bodies with alcalles, for which platina vessels cannot be 
employed. The utmost degree of heat they can beat is 
amoderate redness. 

Platina crucibles on account of the absolate Infnsi- 
tulity of ^e metal by the beat of chemical fnmaces, and its 
perfect unalterability by most agents, render the greatest 
servioe in the laboratory. They should always be put 
into a common crucible to defend them from the direct 
action of the coals, the slack of which affixes itself to tiie 
•ides and bottom with bo much obstinacy, that it cannot ■ 
be detached without risk of injury to the vessel. But 
platina is acted upon by fusion by nitrate of potash 
and also by aleaKs. The Utter property diminishes 

92 
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considerably the utility of platina as a medioDt for cru- 
cibles. 

Iron crucibles resist heat extremly well ; but the 
air aided by the action of the fire, oxidizes them very 
speedily, and ealine matters readily act upon them ; even 
eartlis become coloured. in iron crucibles, so that they 
cannot be employed for fusion, except in very few cases. 

CRUCIBLE FURNACE, figs. 1 and 2, plate X. 
—This furnace is made of common black lead crucibles, 
from IS to 15 inches h!^, perforted at the bottom, and 
surported by a tripod stand, fig. 4. They are covered 
with an iron plate, into which two holes are cut ; the 
larger hole admits the sand pot, fig. 7, for ^stillation by 
the retort, as shewn in the drawings 2. The feul, which 
mnst be charcoal, is put through the smaller bole. The 
grate, fig. S, rests on three notches cut at equal dis- 
tances on the inside of the body of the furnace. These 
furnaces serve only for moderate heats. Fig. 28, plate 
XVI. shews the furnace, provided with a sand pot, Biade 
of sheet iron, a a is a tube traversing the fire for the 
decomposition of water, &c. . The upper part of the 
crucible is occasionly perforated to admit a'r when a 
cover is put on. The iron ring with three hooks, fig. 4, 
plate X, is to be sunk .into the furnace, and on it may 
. be placed retorts, &c. for distillations by the naked fire. 

CRUCIBLE STAND, figs. 6, and 7, plate I.— 
Crucibles should never be set upon the bars of the grate, 
but always upon a support of the shape represented. 
The hottest part of a furnace is about an inch, above the 
grate of the furnace. The crucible may be covered, to 
prevent the fuel or ashes from falling into them, with a 
lid of the same materials, or a crucible inverted over Uiem. 
See a, fig. 12, plate I. 
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CRUCIBLE TONGS, fijs. 6 and 7, plate VIII.— 
For removing circular and triangular crucibles out of 
the fire without danger of breaking them. 

CRYOPHORUS.— This name is giten by Dr. 
Wollaston, to the instrument exhibited, fig. 49, plate I. 
It consists of a glass tube, about 10 or 12 inches long, 
having an internal diameter of about f of an inch, termi- 
nated at each extremitjr by a hollow ball b, c, one inch 
in diameter ; one of these balls contains about half an 
ounce of water, and the other is as perfect a vacuum as 
can possibly be obtained by the glass-blower in the cod- 
atruction of the instrument. 

If the empty ball b, be kept immersed in a mixture 
of snow and muriate of linte, or in any other freezing 
mixture, the water in the ball c,- will be frozen in a very 
short time ; and this effect takes place, though the ball c 
be two or three feet distance from the empty ball b. 

CUBIC INCH BOTTLE.— This bottle, which ex- 
actly holds a cubic inch, when the stopper is in its proper 
place, is very convenient for readily ascertaining the speci- 
fic gravity of fluids in cubic inch capacities. In adjusting 
the bottle the inch cube of distilled water ought to be 
taken according to Sir G. S. Evelin, Phil. Trans, v. 88, 
as corrected hy Mr. Fletcher, Phil. Journ. vot. 4, equal 
to 353,506 grains Troy at 60" Fahr. ther. and 39, 5 bar. 

CUCURBIT, a, fig. 58, plate I— A wide-mouthed 
' flask of the figure of a gourd, used for rarious chemical 
purposes. .The body of the glass alembic, a, fig. 58, and 
a, fig. 15, plate II. is a cucurbit. It is al^o called a 
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CUPEL, fl^. 10, plate L—Cupela are sihkD oa]p9 of 
the size «f the segment of a musket bullet, made of bone 
ashes very porous ; tbey are principally used in assaying 
the more precious metals, which are not oxidated by 
heat and air ; any oxidable metal combined with them, 
Boon suffering this change, and the vitrified oxide being 
absorbed by the cupel. They are placed under an 
krched earthen vessel, open at the end, najned a muffle^ 
fig. 16, plate I., by which, while the fuel is excluded, the 
Mr ^bicb is uflcestary in the process, is freely admitted 
to oxidate the oxidazible metol. 

CUPELLING FURNACE, fig- 17, plate XVI.— 
A table cupelling furnace is made cylindrical, and of 
Mack' lead strengthened with iron bands, a is the open- 
ing where the muffle is introduced ; it is shewn in the 
d^ign elosed with a door ; the chuooal is put in at the 
door b in the dome of the furnace, c, 0, are openings in 
which may be Inserted the nozzle of a pair of bellows. 
The furnace is not capable of producing a great heat, 
unless the fuel be uf ged Tiolently by a draught of a dou- 
ble bellows. It i« also very liable to crack. The two 
side openings render it useful for other chemical pur- 
poses. 

CUPEL TONGS, figs. Q and 3, plate VIII. 

DECANTING JAR, figs. 8 and 9, plate XVI.— 
Tall cylindrical glasses for separating the clear from the 
turbid part of a fluids, or for separating fluids from solid*, 
which are specifically heavier, especially when thesolid is 
so subtle as to pass through the pores of most sabstosces 
employed for the filtration of liquids, or so caustic as to 
corrode them. 
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DECIMAL WEIGHTS.— A set of ireighta aeen- 
rately adjusteii, from 1000 graiaa downwards to -j^ of a 
grain. With these wei^ts th« operator has always the 
same ounber of weight» ik the scales a* there are figures 
in the number «presHBg die weight k grains. Thua^ 
7i9, 5 ; grains wiU be weighed by the weights 700, 40,2, 
and ^„ : and as the error of adjustment is the least pos- 
sible when one weight is in ^e scale, that is to say, as a . 
single weight of five grains is twice as lihely to be true 
as two weights, one of two and the other of three grains, 
because each of these last has its own probability of error 
in adjustment, the advantages of these weights above the 
common sub-division is obvious, 

DEFLAGERATINO JAR, fig. 31, plate IV.— 
Tall cylindrical glass jar furnisbed with a wide neck at 
top. See Air Jar'. v 

DEFLAOERATINO LADLE, fig. 30, plate I.— 
A small ladle rivetted to a long copper wire for contain- 
ing the combustion of bodies in oxygen gas. It is fur- 
nished with a cork b, to fit the mouth of the deflagera- 
ting jar. The ladle, fig. 31, is furoished with three 
projeeting prongs to inclose the bodies placed into it. 

DETONATING TUBE, fig. 54, plate I., and b, 
fig. 16, plate II. — It is frequently an interesting object 
to pass the electric spark through different kinds of air, 
either alone or mixed togetlier. In this case a metallic 
wire is fastened in the upper end of a thick glass tube 
hermeticalty sealed at one end, the sides of which, at 
about the distance of two indies from the sealed end, 
are perforated with small boles, in which the wires 
/,/, are fixed by cement ; tbe'eztremitiei of which, within 
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the tabe, are distant i of an inch. It is made wider at 
the bottom to stand more steadily. TbtR instrument 
being filled with water or quicksilver, and inverted, a 
quantity of the gases intended to be submitted to the 
aotifm of the electric spark is introduced, so as to de- 
press the fluid an inch or more beneath the wires. The 
electric spark is made to paaa from the one wire to the 
other, by connecting one of them with the conductor' of 
the common electrical macUne, and han^ng a cbun on 
the Qther. 

. A tube of this kind, when graduated into equal parts, 
forms Volta's Eudiometer. If, in one of these tubes, 
Ive mix 300 parts of common air, and 200 of pure hydro - 
gen gas, there will remain after the explosion excited by 
passing an electric spark between the two wires/,,/, 
about SOS measures. There will, therefore, bare been a 
diminution of 195 measures, of which pretty axactly one 
third may be estimated to be oxygen. In this instance, 
therefore, 65 of oxygen have been lost by 300 of air, or 
31 and a fraction per cent. The general rule for ascer- 
taining the purity of air by hydrogen gas, in this man- 
ner, may be stated as follows: add to three measures of 
the air under examination, two measures of pure hydro- 
gen gas ; inflame the mixture by electricity in the deto- 
nating tube ; observe the diminiition when the vessel has 
cooled ; and, dividing its amount by three, we obtain 
pretty nearly the quantity of oxygen gas which has been 
condensed. 

Sometimes only one wire is inserted in a perforation 
in the head of a small tube, and fixed with cement 
represented fig. 28, plate IV. ; it is of such a length as 
to descend three or four inches within it; and when 
connected with the electrical machine, the spark issues 
from its extremity within by the conducting power of 
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the fluid beneath, which muat not, of course, be distant 
from it more than hnlf an inch. 

- DIGESTING FLASK, fig. 36, plate I., or Matrass 
Digestion, is comtnonly performed in glass flasks of 
this shape, which should only be filled one-third, and 
covered with a piece of wet bladder, pierced with one 
or more small holes, so that the evaporation of the fluid 
may be prevented as much as possible, without risk of 
bursting the vessel. The vessel may be heated, either 
by means of the sun's rays, of a common fire, or of the 
sand bath; and when the last is employed, the vessel 
should not he sunk deeper in the sand than the portion 
that is filled. Sometimes, when the menstruum em- 
ployed is valuable, a distilling apparatus is used to pre- 
vent any waste of it. At other times, a blind capital is 
luted on the flask or matrass, or a smaller flask is 
inverted within a larger one ; and as the vapour which 
arise is condensed in it, and runs back into the larger, 
the process in this form it has gotthename of circulation. 

DISHES, fig. 12, plate XIII.— a, fig. 24, plate IV. 
— It is sometimes required to remove an inverted jar with 
its contents from the shelf of the pneumatic trough : this 
is done by the use of a shallow pan or dish, which is im- - 
merged in the water of the trough, and the jar is slipped 
in it ; then the whole may be removed, aud placed 
wherever it may be convenient. In this case the shallow 
pan performs the office of a small trough ; and for such 
purposes several dishes or pans ofdilferent sizes should 
be bad in readiness. 

DISTILLATORY APPARATUS, SIMPLE.— 

See Still and Retort. 
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DISTILLATORY APPARATUS.COMPOUND. 

— ^This apparatus is one of the greatest improTements 
that could have been introduced ia our laboratories. It 
not only affords us the means of collecting all the pro- 
ducts of a distillation, but also enables us to obtain tboo 
separately ; it removes all fear of any risk of accident. 

In certain cases, the product designed to be obtained 
by distillation, is an elastic fluid, not condensible by 
itself, but capable of htiag condensed by being trane- 
mitted through water, with which it is retained in 
combination. The distillatory apparatus ioTented by 
Woulfe, fig. 3, plate XII., is employed for this purpose- 
It consists of a series of bottles, b, c, d, connected 
with each other by bent tubes, and oonusctfid with a 
retort, «, generally by the medium of a receirer and 
adopter. The receiver a, is designed to collect any con- 
densible part of the product. In the three bottles^ 
water is placed to nearly one half their height, and the 
tube passing from the one into the other, beyond the 
second bottle b, dips into the water of the bottle inta 
which it is inserted, as is represented in the plate. The 
gaseous product ia thus transmitted through the water, 
by which, as well as by the pressure which is necessarily 
exerted by the short column of water in each tube, ita 
absorption is promoted; and if any portion is incapable 
of being absorbed by the water, it passes off by the bent 
tube at the end, and may be collected in an inverted jar, 
in a trough of water. Each of the bottles, except the re- 
ceiver a, has a straight tube, which rises to the height of 
8, 10, or 13 inches above its insertion into the bottle, and 
passes BO far within it as to dip in the water nearly half 
an inch. This tube is termed the tube of safety, and 
the use of it is to guard against that reflux of fluid which 
might happen from a partial vacuum arising from eoa- 
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denaation in «ny of the bottles. At the commencement 
of the distillation, the joinings of the tubes with the bot- 
tles being well secured, the whole is air-tight ; and, by 
the gas produced, Uie atmospheric air contained in the 
upper part of the bottles is in a great measure expelled 
through the tubes. If, therefore, in any stage of the 
distillation, the production of gas should diminish, the 
quantity contained in the bottles being absorbed by the 
liquor, a partial, vacuum is formed ^ and at the end of the 
process, when the retort cools, tbis must always happen; 
the consequeooe of this must be, that the water being more 
pressed on by the atmospheric air without, than by the gas 
within, must pass backw^i^ds from one bottle to another 
by rising through the tubes, as from d, to c, and from 
e, to by and thus the whole will be mingled together, 
which would often defeat the object of the distillation. 
This, holreTcr, is effectually preTented by the tubes of 
safety, as, when any such parti^ vacuum happens, the 
ataiospberic air is forced through the small qaantity of 
fluid in which they are immersed, and rising into the 
bottles, preserres the equilibrium. 

Various improvements have been made in this appa- 
ratus. One defect in it is, that we cannot have the 
advantage of the immersion of the tube which comes 
from the receiver a, into the liquid in the second b; for, 
as the receiver, as it aometimes is, is designed to collect 
the condeusible product, and ought therefore to be 
without water, it can have no tube of safety ; and hence, 
if the tube issuing from it dip into the liquid in the 
second, whenever any condensation happens, from the 
gas ceasing to be produced, the liquor will pass back- 
wards into it. The apparatus, therefore, is represented 
as it ought to be, with the bent tube from the reoeiver 
•aly reachmg near the surface of the liquid in the bottle 
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b, Trhile in the others it is immersed. As the liquid^ 
however, in the bottle b, is in the best situation .for 
being impregnated with the gas, and therefore, for form- 
ing the most concentrated product, it is of some import- 
ance to ud this as much as possible, and obtain the 
advantage of the gas being forced to pass through it, by 
the tube passing into it being immersed. The contri- 
vance that has been used for ttiis purpose, is the tube of 
safety of Welter, or bent tube with an additional curva- 
ture, and a spherical ball, represented Gg. 25, plate IV.j 
end b, b, fig. 9, plate XII., as intermediate between the 
' globular receiver and the common three-necked bottle, 
and connecting them. In this is put'a small quantity of 
water, so as to rise, when the pressure without and 
within is equal, about half way into the ball. If the 
elasticity is increased in the internal part of the appa- 
ratus, during the distillation by the production of gas, 
the water is pressed upwards to the funnel at the top ; 
if there is a condensation, it is forced by the atmospheric 
pressure into the ball, but whenever it has passed the 
curvature beneath the ball, it is obvious that a portion of 
air must rise through it, and will pass into the globe or 
bottle, to the tube of which this bent tube is adapted. 
This tube, however, though it answers the purpose 
efifectually, is inconvenient ; from its form, it is very 
liable to be broken ; and, what is its principle defect, 
we can employ no great pressure in the apparatus with 
it, without making it of such a length as to be unwieldy, 
and subject to risk. The method employed by Mr. 
Murray, to obviate this inconvenience, is more simple. It 
is having the usual bent tube constructed with a ball in 
that part of it which is inserted in the bottle containing 
the liquid into which it is to dip, as represented fig. 3, 
plate VI. By^properly proportioning the depth to which 
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the tube is immersed in the liquid in b, to the size of the 
ball, it is obvious, that when from anj' condensation' in a, 
the Jiquor io b, rises, when the ball is filled, the extre- 
mity of the tube will be no longer immersed ; a portiou 
of the gas present will therefore rise in it through the 
water, and preserve the equUbrium, so that if the tube 
be not too deeply immersed, no part of the liquid in b, 
can ever pass into a. This method has the advantages 
that we can employ any pressure whatever in the appa- 
ratus, and that no atmospheric air is introduced iu the 
coarse of the distillation into the first bottle, but only 
tiie elastic fluid which is the product of the process. 
The use of tubes of this kind may even supersede the 
use of tubes of safety through the whole apparatus ; for, 
if each have a spherical cavity in its long leg above its 
insertion in the bottle, and if its immersion in the liquid 
be duly proportioned, the reflux of the liquid will be 
prevented, in the manner just now explained, while any 
extent of pressure may be obtained by a tube issuing' 
from the last bottle being immersed in water or quick- 
silver. 

Another imperfection which attends the common com- 
pound distillatory apparatus, is the difficulty of adapting 
the tubes by grinding, so that it is necessary to secure 
the joinings by lute, which is always inconvenient. Mr. 
Murray has remedied this, by having a tube fixed or 
soldered when the bottle is made, into that orifice into 
which the long leg of the tube from the preceeding bottle 
is to enter, as represented fig. 1, plate VI., in the bottles, 
b, c, d. This soldered tube being of such a length that 
it is immersed in the liquor within the bottle, and the 
tube which enters it having a very slight curvature at 
its extremity, which throws the gas beyond the extremity 
it cannot return^ but must pass fowai-d iqto the next 
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bottle ; and as there is do difficulty in grinding tb« tubes 
into ttie bottles from which tbey issue, the whole appa- 
ratus is easily constructed without the necessity of lute. 
The open tube, too, serves tiie purpose of a tube of 
safety. The deficiency of an apparatus of this conatruc- 
tioD, is, that yery little pressure con be applied to [h-o- 
mote the absorption ofthe gaseous product by the liquor, 
as, from the shortiiess of the open tubes, the liquor, by 
such pressure, is forced up them, and may overflow ; 
though this may to a certain extent be obviated, by 
having the wide open tabes not soldered, but ground in, 
and having them of such a length as will admit of the 
rise of the liquid, as is represented in e. The only diffi- 
culty in executing this, is to have the orifice of the 
bottle into which the wide tube is ground, perfectly 
straight, and the smaller tube which enters it precisely 
at a right angle, as otherwise it cannot be inserted, at 
least without having the wide tube of too great a dia- 
meter. With care, however, this may be attained, and 
the apparatus then answers perfectly well, a, is as usual 
left without water, and therefore cannot have an open 
tube, but absorption is guarded against, either by the 
tube passing from it, not dipping in the liquor in b, or by 
having a ball, aa reprearaited in the figure. 

Fig. 9, plate XII., exhibits the application et com- 
pound distillation, in the production of muriatic acid 
from muriatic of soda by sulphuric acid. The muriate 
of soda is introduced into the retort, and by means 
of the bent tube or hydrostatic funnel a, the sntphuric 
acid is added. The receiver c, is adapted to the retort 
by means of an adopter a, to receive the portion of 
impsre snlphurie acid emd muriatic acid which passes 
over towards the end of the operation, d, <t, ttJkd/, /, 
are bottles containing water ; the qttsntity of which 

DcmizedbvGoOglc 



DutxUatovy Apparatus. Hi 

AmM be equal in wei^t to that of the salt employed. 
Theie bottles are furnished with tubes of safety b, h. 

DISTILLATORY APPARATUS COMPOUND, 

(Vibtical), fig. 8, plate XIII. — This is an useful and 
«afe Wotdfe's apparatus, invented by Mr. Knight. 
a, b, c, d, represent four vessels, each ground into the 
mouth of that below it. e, e, e, are glass tubes, the mid- 
dles of vrhich are ground into the neck of each vessel 
and of sufficient length to allow the upper end to rise 
above the liquor, while the lower descends nearly to the 
bottom of the vessel below. The vessel a is kept empty, 
and serves aa a receiver to contun any liquid distilled 
from the retort which enters at the orifice/, and is also 
furnished with a Welter's tube e, to prevent the absorp- 
tiou of any liquid from the lower vessels, when a vacnom 
is formed by the cooling of the retort or receivn'. The 
vessels b, c, and d, are filled with the liquor intended to 
he impr^nated with the vapour or gas that distils over, 
and wluch passes by the tubes successivefy through the 
whole range of vessels. The lower one, d, has the beat 
tube A to carry off any unabsorbable gas, and it is made' 
broad and firm at the bottom, besides being fitted into a 
heavy wooden stand (not here represented], to lAsen 
tiie danger of being overset. This apparatus unites 
evay requisite, and it has the great advantage of not 
being easily deranged, and if any part is broken, it may 
he replaced without m«ah difficulty. 

DISTILLATORY APPARATUS COMPOUND, 

^b*vs*b), fig. % ptete IX. — A very useful alteration 
in tiie conetructien at Woulfe's apparatus has beeO' 
coDtrived also by Mr. Pepys. i, is a balloon surmounted 
by a vessel c, accurately ground to it, uid furnished with 
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a glass valve, resembling that affixed to Nooth's appa- 
ratus. This valve allows gas to pass freely into the 
vessel, but prevents the water which it contains from 
falling into the balloon, a, is a tubulated retort, joined 
to a tubulated receiver ft, into which is fitted, by grind- 
ing the pear-shaped vessel c, furnished with a valve, 
constructed by placing a plano-convex lens upon the 
mouth of a small tube, accurately fitted by grinding, 
and inserted into tlie lower aperture of the pear-shaped 
vessel c, and similar to the valve in the well known appa- 
ratus of Nooth, biit with more water way. From this itis 
obvious that the gas disengaged from the retort, and which 
is not absorbed by the fluid contained in tlie receiver ft> 
will, by its upward pressure, raise the valve, and pass 
into the pear-shaped vessel c, without allowing tlie fluid 
contained in it to return into the receiver b, even when 
a partial vacuum takes place. The gas which is not ab- 
sorbed passes into the first three-necked bottle d, and if 
any part should escape absorption by the fluid in that 
vessel, it passes into the second bottle 0, or may lastly 
~ be conducted into the pneumatic troughby means of the 
tube/. 

DISTILLATORY APPARATUS COMPOUND, 

(Bdrkett's), fig. 14, plate VII. — b, is a tubulated re- 
ceiver, to which, in the usual manner, is Joined a retort, 
and from which a bent tube, c, passes to the second 
receiver (2. This last communicates with the bottle^ 
by means of the bent tube c. The end of the tube b, 
which enters the receiver d, is furnished with a valve 
which prevents the return of any gas from the receiver d, 
to the receiver b, in case a vacuum ahoold take place in 
the course of the operation in the recover b^ or in the 
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retort. The valve h the most defective, bec&vse it is Gable 
to be Bet fast in makiDg chlorate vX potasb, or any odier 
eryBbdltsable adt. 

DISTILLATORY APPARATUS, COMPOUND, 

(Hamilton), fig. 7, plate III. — Is a very conveni^it ap- 
paratus for Hnpregnating fluids with gases. It consists of 
tiiree fsstx; a is a tubulated retort, with a shoi-t thidc 
neck, fitted accurately into the lateral opening x of Ae 
two-necked bottle b. The upper pear-shaped vessel 
e, is ground air-tight into the two-iiecked bottle bj it 
has a long giass tube, (aa shown in the design,) reaching 
to the bottom of the twtwiecked bottle b. The use of this' 
apparatus is as follows : — A quantity of water to be satu- 
rated with gas is put into the bottle b. The influx 
of gas from the retort accumulating at the top of b, drives 
the fluid up to the tube d, into the pearnshaped vessel c, 
till the two-necked vessd b is empty of water, and wily 
filled with gas, on which a considerable pressure is there- 
fore always kept up. The substances Irem which the gas 
is to be procured, are put into the retort a, which is repre- 
sented resting upon a wooden stand. This apparatus is 
very useful for making liquid oxy-muriatic acid, sulphu- 
rous acid, &c. The spiritlampy, being applied, as^howQ 
m the desigB. 

DISTILLATORY APPARATUS, COMPOUND, 
F0RPRBPARINGLIQUIDCHL0RlNB,fig.8,p.III. 

The mnriate of soda and oxyd of manganese are introduced 
into the long-necked raattrass A, which is placed on a 
sand bath. This mattrass is shut with a cork-stopper B, 
pierced with two boles, into one of which is inserted the 
iube D, bent at E, and terminating at the upper extremity 
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stopper B, receirea the extremity of 4 ^abe G, wbich; 
fonoB a commnoicadoD between the mattrats and the 
^|e wi4 **iwe t^AijInpeB I( e^tawpg ope-eigM of 
itEf ifof^svt*^ o( vtib^ mtd ifto i^hMi is ipeerted a tuboi 
qf-vadNy Ki tQ pirevent abaocptioD. Thia-fla«k~I^ is 
099#4cte4 w^ 4W>t^' recpei P, 1^ tW tnW N. Th? 
^^el P> Imlf gijl: of w^teD, and t«W, « cwumwicMMB, 
Vith a seD9wL fis^ furnished with a take of safefy; 
Wt^ thiii fie«oqd Swt baa a contuwioicalKai -vtHk a tb^ 
Sm!. ah ttie jwwAg« must he well secorwl by fat, liiliag, 
«9TeiQ4 vi4> a bqndAge o£ linea daubed orei w^ the 
v^hJta of an egg and, liste ; Ae mattraas ia Aea to be gra- 
dual^ heated, 

A» vithxiiiB ic not eoaily condemwd, a large qoRBtily of. 
YMqf «oQlaiBed- in eevea^ vE^ek, or diiq>oaed a. the. 
fen»Q£ftxery high eolumn, ia pi<eaeiited to it, in oidsn 
tl^ by compicssing the gas and oU^^ing it to paa^ 
tjwoMgb a longor spaoe, it may .be more leadily abeorbedt 
. If; die Saaka be auiroiuuled viA ice, tlie chkuiBe eryB>- 
tfdUaea.st t]|fi temperatute of zero. 

DIFFEJIENTIAL THEKMOME'EER, 6g. h pbte 
XIII. — This ingtrument, for which we are indebted to Mr. 
Lealie, ia calculated for measuring very minute variations 
ojEtemperatii|«. The Differential Thennom^tdr<)0|t«to of 
tjTo gle|H.tub,ca, efich tenninatitig io^a smatt' botb a. b. o| 
H/B aaipedliBpnaifttw, ^dibent in the form of an V, aLgaaJt* 
portMQof ^k coloured liqiWH- (eu^jbucic acidt ting«di«di 
ijatb ou;raiDe() baring pDeviondy been iplro^cqd iotoiOBf^ 
ofthebaUa. By managing UieiBcIiid«d.aiv with the beat 06 
t^e hmi, thia ned^liqaqc iR.aHde. to atujdj atr tk^ pwbt. 
teqairad of the opposite tube. This is the zero of a scale 
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fistened to tJtat tal^ and dltided into etpsai paMs abcrr» 
aa^beloir nothing. It is manifeRt, tlurt when dile liqBer' 
is at rest, or points at zero, tJae colnnm is pressed oppcsitji 
vayn by tiro portions of air, eqiMd in elaerideity, and- 
containiiig equal qnondtieB of caloric. Whatever heat 
Aen may be apjdied to tlie whole instrament, provided 
both bulbs receive it in the same degree, the liquor must 
Mmain at rest. But if the one bail receives &.B slig^teM 
excess of tempenrtiire, the air n^di it coBtaiBS will be 
prOportioiiably expanded, and will push the liquid agaimt 
dm air in the other bnlb with a ftffce, as the diflvreace 
betwem the temperMureR of those two portions of ain 
The eqailibriom, in shor^ will be destroyed, and the fluid 
will rise in the opposite tub^. The degrees of the scale 
through which it passes will mark the succesdve augmen- 
talio'nsiti the temperature of the ball, which is exposed to 
Ae greatest heat, Tbb iustrutnent, thfvetbre, is truly A 
iHdttuee of extreme dehoacy,' for comparing die tempe* 
latwes with' which its two scales may be loaded. It is 
Hot at ElU idfluenced by any Variation of temperatm^ in Hie 
sutToanding medium, is peculiarly calculated for expe< 
riments on radiant caloric : it combines great delicacy witll 
^curacy. The differential thermometer, as its utmM 
expresses, announces not the absolute degree of heat, but 
lite dUTereaoe (When any exists) between two given spots 
where tlffi thermometer is imule to &eL A moment's 
^t^Mion to the construetiou of the instnimeot, which is 
in fact a double air theimometer, separated by a portion 
pf intercladed fluid, will shew that it indicates <Hily the 
difierence of heat of two contiguous spots. As longas the 
elast^ty ofthe air in one leg is equal to that in the other, 
the air contained in both balls will have the sune dasti* 
(aty, and the liquor in each tube or leg will be equally 
pressed mi in opposite directions, and wilt remaia sM 
H 2 
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tkmory st a certain height. If the iii8tnim«n^ for instance, 
be introduced either into a warmer or colder atmosphere, 
the t^nperature of both balls will be equally affected; the 
Tohime of air in each will be equally expanded or con- 
tracted, and hence the liquor will still remain atatimiary. 
But, if one oi tbe balls be more heated or cooled than the 
other, this equilibrium will be Bubveited, the superior 
elasticity of the confined air of the ball, which is exposed 
to a warmer air, will drive the interposed liquor forwards, 
and make it rise in tbe tube connected with the ball which 
is at the lower temperature, and of course fall in tbe other ; 
and hence ^e instrument is calculated to point out the 
d^erence of temperature in the corresponding balls; tbii 
it will do with peculiai; nicety. 

DROPPING TUBE, fig. 56 and 57, plate I.— The 
hollow ball of this tube is filled by the action of the mouth 
applied to the upper orifice whilst the lower one is im- 
mersed in water. When the ball is filled, the water may 
again be forcibly driven out by tbe breath ; and if directed 
agaiiist the inner sides of the filtre, will wash down to the 
bottom ; every minute particle of a precipitate adhering 
to it, may thus be collected together. 

EUDIOMETER, (Priestlet's).— No sooner was the 
composition of tbe atmosphere known, than it became an 
inquiry of importance to find out a method of ascertaining 
widi facility and precision the relative quantity of oxygen 
gas contained in a given bulk of atmospheric air. 

The instruments in which the oxygen gas of a deter- 
mined quantity of air was ascertained, received the name 
of EcDiuMETERs, because they were considered as mea- 
aurers of the purity of air, they are however more pro- 
perly called Oximeters. These in«lnimenta liav€ in ow 
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ovn times "become of great importMice in Experimental 

Cbemistry. 

The first Eudiometer, figs, 35, 36, and 39, plate I., vas 
made in consequence of Dr. Priestley's discorery, diat 
when nitrid oxyd is mjxed with atmospheric air over 
water, the bulk of the mixture diminishes rapidly,' in 
consequence of the comliination of the gas with the oxygen 
of the air, and the absorption of the nitric acid thus formed 
by the water. 

When nitric oxyd is mixed with nitn^n gas, no dimi- 
nution takes place ; but when it is mixed with oxygen gas 
in proper proportions, the absorption is complete. Hence 
it is evident, that in all cases of a mixture of these two 
gases, the diminution will be proportional to the quaiiti^ 
of the oxygen. Of courae it will indicate the propoT" 
tion of oxygen in air ; and by mixing it with different 
' portions of air, it will indicate the different quantities 
of oxygen which they contain, provided the component 
parts of air be snsceptible of variation. This Eudiometer 
consists simply of a graduated glass tube from half an 
inch to one inch in diameter, either with ot without a 
foot, (fig. 39, plate I.) and from 10 to 15 inches hig^, 
open at one end and closed at the other. 

The mode in which Dr. Priestley employed it was 
extremely simple. One ounce measure was fiUed with the 
air designed to be submitted to trial, and this was introduced 
into ajar of 14- inch in diameter, inverted in water; the 
same measure of nitrous gas newly prepared was added to 
it ; and the mixture was allowed to stand two minutes. If 
the diminution of volume were considerable, more nitrous 
ah* was added, till the oxygen in the air submitted to ex- 
amination appeared to be saturated. The whole was then 
transfen-ed into a glass tube about two feet long, and 
half an inch wide, graduated according to the air mea- 
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mxse, and diYided into teo^ mi bundre^ puts. Tfa 
space occupied by the residaum was thus measured, and 
compared vlA the Toliime of ^jrs mixed, so diat the 
duniuuticu wtK visible by inspei^on : and as o\H6 mea< 
tmn of oxygen ^s, according to Priestley, ia coadcnsed by 
(WQ metomres, or rather by 1.97 of nitric oxyd gas, or 
niilxous gBG, the quantity of dimination ia divided by 
S or 2.97 to give the vdiume of oxygen gna. It ia essen- 
tial that as much nitric oxyd gas be emplojred a» will 
AicaiofftBfi the quantity of oxygen <^»er«ted upon ; and 
a ^ H^Yineeiih to use a slight exc«^. Thus, if «Ltmos« 
fUtstia air is analysed by nitric oxyd, add* 100 nea^pres of 
it t0 dO measures of nitric oxyd g«s in a jar of 1\ ind? 
^iaaneter, tibe whole will be condenned to 84 measures ; 
the duDpisatiim dierefore b 66, which divided by 3, gives 
SS 88 the v(dume of oxygen gas. 

M. Dalton ^is remarked, that in using nitric oxyd 
tho experiment to procure an acourate result ought to be 
condiucted in such a mannw as to form either nitric a«d 
or oilioufi acid, and avoid the intermediate proportume, as 
these must be variable. Now, this depends principally 
on die proptffitioDS in whidi die gases are mixed, 
and the more or less free admiasioa of water. Of the 
two modes, that in whidi the influence of water is 
excluded, except in so far as to condense the product, in 
which case nitric acid is formed, is, according to Mr. 
Dalton, most easily and most accurately effected. ** In 
otder to tliis, a narrow tube is necessary ; (fig. 39 or 36, 
plate I.) one just wide enough to let air pass water, 
without requiring the tube to be agitated, is best. Let 
yttle more nitric oxyd gas than is sufficient to form 
nitric acid be admitted, to the oxygenous ga^ ; let no agi- 
tation be used, and as soon as the diminution appears to 
be over for a moment, let tJie residuary gas be transferred 
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to another tal>e, aad it ttUl remain wiAout any f«rtbtf 
dimJnntioQ of volume. Then -^ths of the loss will be dai 
to oxygen." In making the eSperimentj therefore, OB 
atmospheric air, add 36 measnres of nitric oXyd gas to 
109 of air ; avoid agitation ; ascertain the diminntion of 
volume ; and multiplyingthiB by ^, the product giveethi 
proportion of oxygen. 

Gay-Loasac has tecoomieDded the opposite mode, and 
hat affirmed, thai in a narrow tube, and without a consi- 
derable excess of nitric oxyd, the results are variablob 
He employs a very wide ju-, flg. 17, plate XII., and 
having put in it 100 measures of atmospheric air, he adds 
100 measures, of nitric oxyd gas. A dense red vapour 
is immediately produced, which disappears witboaf agitA^ 
tioD, and in a aiinato or litde more the absorption Is 
complete. The residnal gas is transferred into a gni» 
duated tabe, the degrees of which coirespdnd with thi 
mearares of the gases employed. The absorption, dc^otd- 
ing to Gay-Lussac, is uniformly about 81 parts, the fouttfi 
of As (according to bis assumptioa that three measures of 
oxygeil combine wiA one of oxygen, to form nitrous acicQ 
grres the vslume of oxygen, or 91 in 100 parts of atmos'' 
pheric air. The combination of nitric oxyd with oxyged 
being so much mfluenced, however, by circumBtances* 
fte experiment may hfe liable to give dtscordaut result^ 
in dK hands of different experimentalists. 

EUDIOMETER, (Pepy*b).— IntfaisapparMastisolti- 
tion of bydTOBBtphuret Of potash, or muriate of iron, im- 
oregnated with nitrous gas is employed as the Eitftic^ 
metric liquid. It is put into an elastic gum bottle, fig. 11, 
plate XI., which is connected widi a graduated tube 
(similar td fig. 38, plate I.) containing die air tb b^ 
exaMan^ I by pre^in^ the bottle, the liquid ik Iha^o 
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to act on the air with a degree of compression, which 
favoivs the result. The method is rather compli- 
cated. It a^brds, however, a useful instrument for 
(Separating other aeriform fluids from each other, and 
ascertaining their purity, especially when liquids have to 
ht used for these purposes at a high temperature. 

EUDIOMETER, (Scheele's,) is merely a graduated 
^lass cylinder, /:ontaining a given quantity of air, exposed 
to a mixture of iron filings, and sulphur formed into a paste 
wiUi water. The substances may be made use of in the 
following manner : 

Make a quantity of sulphur in powder, and iron filings, 
into a paste with water, and place the mixture in a saucer 
or plate, over water on a stapd raised above the fluid ; 
then invert over it a graduated bell-glass, and allow this 
to stand for a day or two. The air contained in die bell- 
glass will gradually diminish, as will appear from the 
ascent of the water. 

When no further dimiuution ; l^es place, the vessel 
containing the mixtpre must be removed, and the re- 
maining air will be found to be nitrogen gas, which was 
contained in that quantity of atmospheric air. 

The error to which this method is liable, is, that the 
Rulphuric acid which is formed acts on the iron, and 
produces hydrqgen gas, which joins to the nitrogen 
remaining after the absorption, and occasions an incorrect 
result; and hence it is that the absorption amounts in 
graierai to 0.^7 parts, although the true quantity of oxygen 
is no more than from 0.21 to 0.23. 

EUDIOMETER, (De Marti's.)— De Marti obviated 
the errors to which the method of gicheele was liable. 
He availed himself for that purpose of a hydrogenated 
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sul^nret, fbnned by boiliDig^ sulplmr and liquid potasli, 
or lime water, together. These substancee, when newlj 
prepared, have the property of absorbing a minute portiou 
of nitrogen gas; but they lose this property when 
satiirated with that gas, which is easily effected by 
agitating them for a few minutes in contact with a small 
portion of atmospheric air. 

The apparatus is merely a glass tube, ten inches long, 
and rather less than half an inch in diameter, open at one 
end, and se^ed at the other. The close end is divided 
into 100 equal parts, having an interval of one line 
between each division. "Die use of this tube is to measure 
the portion of air to be employed in the experiment. 
The tube is filled with water, and by allowing the water 
to run out gradually wiiile the tube is inverted, and tfie 
open end kept shut with the 6nger, the graduated part is 
exactly filled with air. Tbese hundred parts of air are 
introduced into a glass bottle filled with liquid sulphuret 
of lime, previously saturated with nitrogen gas, and 
capable of holdii^ from two to four times the bulk of the 
^ir introduced. The bottle is then to be closed with a 
ground glass stopper, and agitated forfive minutes. After 
this the stopper is to be withdrawn while the mouth of 
the phial is under water; and for the greater accuracy it 
may be closed and agitated again. Lastly, the air is to 
be again transferred to the graduated glass tube, in order 
to ascertain the diminntitm of its bulk.* 

EUDIOMETER, (Huhbolt's.) Humbolt^s methoiJ 
of analysing air, consists in decomposing a definite quan- 
tity by means of the combiistion of phosphorus, afteir 

• Jonrn. de Fbjfs. UI- \7S, 
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which die portion of gas wfaidi rMnaiiu nart be m6a- 
««red. 

Take a small glass cylisd^ dosed at the top, asd whoM 
capacity must be measured into sufficiently small p€rti<AH 
by a graduated scale fixed on it, fig, 1 7, plate XI. If the 
iustmmeat be destined stdely for examining atmospheric 
air, it will be sufficient to apply the so^e fi-fflD the wifice 
of the cylinder down to about hidf its lengdi, er to dcetch 
that scale on a slip of paper pasCed ^n the outside of the 
tnbe, and to vamish it over with a tr&nspidremt varnish. 

This half of the eadiiHnetrical tube is divided into fifl^ 
equi-distant parts, which in this case indicate huaA^dth 
parts of the whole capacity of the inBtmmest. 

Into tlHS vessel, fuH of atmosf^eric adr, put a piece Of 
dry phosphoms (one gram to every twelve cubic inches,) 
close it air-tight and beat it gmdaally, first the sides near 
the bottom, and afterwards the bottom itsdf. The pho»> 
phorous will take fire and bum rapidly. Mter every 
thing is cold, invert the month <^ the ewiitMn«te^-tHbe into 
a basin of water ot mercury, and , withdraw tbe cork* 
The water will ascend in propwticm to the loss of oxyg«& 
gas the air has sustained, and thus its quanti^ taay be 
ascertained. 

EUDIOMETER, (Dt.-Hope's), fig. 15, plate X. It 
- consists of a small bottle,' of the capsci^ of 20 oe M 
drachms, destined to contain the endiometric liquid^ and 
having a small stopper at b. Into the neck of the botfle 
a tuhe is accurately fitt^, by grtadjog, ^tuch hoMs ^- 
dsely a cubic inch, uid is divided into 100 eqludpartk. 
To use the apparatus, the botUe is first filled wMi hydro- 
sulphuret of lime, which is best prepared by boiling a mix- 
ture of lime and sulphur ^rith n'ater, filtering the soluti 
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nnd a^tdtlog it ios WHte tiflw in a bottle half filled wiA 
cwimeB air. The tube, filled wkh the gas under ex- 
' aaunation, (or with atnuiapherieal cur, whea the quality 
$£ tbiB eMspouud ia to be lucertsined), ifi next put into 
ijtB plaee; and, en invertittg the iMtnunemt, the gas a»< 
ookiii into the betde, vbeie it is fannight est^wiTely int« 
cfHitact irith the liquid, by brisk agitation. An abawptitMi 
ensues; aoA, to supply its place, the stopper b is opened 
, Mider watcTi a quastity of vhick ro^es into ibe bottle. 
The stf^pper is replaced vaAer water ; the agitation re- 
newedt and these operation per£»raed alternately, till 
no furthor diamoticn takes place. The tube a is dwa - 
witfadEttim, the neck of die bottle being undw water, and 
is held inverted in wdter for a few minutes; at the doao 
of whidi the dintiuution will be a|^ar«it. Its aaoimt 
nay be measured by & graduated scale mariced on the 
tube. 

EUDIOMETER, (Sbsum's), consiala of a glan 
tube of abont one indi m diameter, and eight or t«n 
iuche«'~bigh, closed at die upper extremity. It is filled 
widi mercnry, and kept inverted in this fliud in tlie 
mercurial trmiglb A small bit of phosphorus is inln>- 
dsced into it, which, on account of its specific grari^ 
being less than that of mercury, will rise up in it to the 
top. The pheephoroB is then melted by means of a 
red-hot poker, or burning coal applied to the outude <iS 
&e tube. Whoi die phosphoms is liquified, small 
■portions of air deidiBed to be examined, and whidi bare 
been pwrwusly raeaaured in a vessel graduated to tbo 
cubic inck or into grains, are introduced into the tube. 
As soon as the air whidi is sent up reaches the phoo* 
phoiw, a combustion will take place, and the mercury 
wUl rise again. The cwnbustion continues till the end of 
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the operation; but for the greater exactaeu, Mr. Sfeguin 
directs the residuum to be beatcd Btrongly. When cold 
it is introduced into a small reaeel, whoee capacity has 
been ascertained at the -same time as thatof the preceding. 
The difference of the two Tolumes gives the quantity 
of the oxygen gas contained in the air subjected to exa- 



EUDIOMETER, (Beetholet's).— Instead of ihe 
Tftpid combustion of phosphorus, Bertholethas substituted 
its spontaneous combustion, which absorbs the oxygen of 
* atmospheric air completely, and when the quantity of air 
operated on is small, the process is accomplished in a 
short time. . 

Bertholet's ' apparatus consists of a narrow graduated 
glass tube, fig. 26, plate I. containing the air to be 
examined, into which is introduced a cylinder or stick of 
phosphorus supported upon a glass rod, while the tube 
stands inrerted in water, llie phosphorus should he 
oeariy as long as the tube. Immediately aUter the 
introduction of the phosphonu, white vapours are fcomed 
which fill the tube; these vapours gradually descend and 
Iiecome absorbed by the water. When no more white 
vapours appear, the process is at an end, for all the 
oxygen gas whidi was present in the confined quantity of 
air, has united with the phophorus; the residuom is -the 
quantity of nitn^en ^f the air submitted to examiaatton. 

This eudiometer, though excellent of the kind, ia 
nevertheless not absolutely to be depended upon; for . as 
soon as the absorption of oxygen is completed, tiie 
nitrc^^ gas exercises an action upon the phosphorus, 
and thus its bulk becomes increased. - It has been ascar~ 
tained that the volume of nitrogen gas b increased to ^-g 
part; consequently the bulk of the residuum diminished 
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by /a gires us the bulk of the nitrog'en gta of the air 
examined ; which bulk subtracted from the original mass 
of air, grpes us the proportion of oxy^n gas contained in 
it. Tbe same allowance must be made is the Euditnaeter 
of S^^n. 

EUDIOMETER, (Davy's).— This Eudiometer re- 
quires little address, and is very expeditious ; the appa- 
ratus is portable, simple, and convenient. 

Take a small glass tube, fig. 39, plate I. graduated 
into -one hundred equi-distant parts; till this tube ivitb 
the air to be examined, and plunge it into a bottle or any 
other conrenient ressel, containing a concentrated solution 
•f green muriate, or sulphate of iron, strongly impregnated 
with nitrous gas. All that is necessary to be done is 
to move the tube in the solution a little backwards and 
forwards; under these circumstances the oxygen gas 
contained in the air will be rapidly absorbed, and con- 
densed by the nitrons gas in the solution, in the form of 
nitrous acid. 

The state of the greatest absorption must be marked, as 
the mixture afterwards emits a little gas which would 
alter the result. 

This circumstance depends upon the slow decompositioa 
of the nitrous acid (formed during the experiment) bj - 
the green oxyd of iron, and the consequent production of 
a small quantity of agrifomt fluid (chiefly nitrous gas);- 
which having no affinity with the red muriate, or sulphate 
of iron, produced by the combination of oxygen, is 
gradually evolved, and mingled with the residunal nitrogen 
gas. 

The impregnated solution with green muriate is moi'e 
rapid in its operation than the solution with green sulpliate. 
In cases when these salts cannot be obtained in a«t»tB 
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c4 absolute puritjr, the common sulfdiabf of iratt of om!^ 
meree may be employed. One cubw! inck of moderatdy 
stroBg' impregnated sdntion is capaMe of abawlNii^ fire 
or six cubic iBchoB of exygen id oaauaoii procesece; but 
the same quantity must never be employed for iDore- dtaii 
one experiment. 

EUDIOMETER, (Volta's).— gee DstoaatiBg Tube, 

page 87. 

EVAPORATING BASIN, &g. W, ptate I. fi^. 18, 
plate XII. — ETaperatien is used for seporataig rdatile 
flttidB from those whk^- are fixed in tbe same d^ree of. 
heat. It is therefore performed by the iqtpliealKHt {^beat^ 
md it is ^vmoted by using shaHew v^seKaud extending 
the surface o( the fluid as much as possible. The object 
of e7^or«tioQ is to coBcentmte a solutioo, by the sub-- 
traction of a portion of tlie liquid, in order to obtain sepa- 
rately the eubstuice which is in tbe liquid. The baKii. 
should pr^ent an extensive surface, proportiDoedto the 
depA of liquor, and admit of it ba^ quickly heated, and 
of the vapour escaping wkhout any renitance. Evai- 
porating basins are of glass, earthen-ware, or raetal, ac< 
oording to the substances operated' on, and &e degree 
of heat whid) i» to be applied. In chemical experiments, 
on a small scale, basins of glass, or of Wedgwood's 
ware, are emplc^ed. The latter are the most con- 
venient. Then flat'bettomed dupe permits them to be 
heated more readily than Ibose of glass, which cannot be. 
made so shallow; and as the mass of the liquid intended, 
to be evaporated has little depth and a proportional large. 
surface, die evaporation takes place very rapidly. They 
- may be placed over a lamp without muob risk of ccadt'' 

IDg. 
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TheiA fa so patticiilvr kind <tf eriqKHiitu^ ve«Bel wbicb 
can be adapted exclusively on all occasiooB. It may only 
be obewredr that glass presents- tbe greatest aumber of 
advantages, becaiiHe it k compoeedofasvbflttoce the least 
attacked, Aie least sc4ubl€^ and the least destructible by 
chemical agents. ' The larger sized ptffeelMD biscuit eva^ 
poratiDgbasios, (we mean such as hold at least ene gaUoii,^ 
u« uswlly auMle with the eidea more upright, or nearly 
seniTglobqlAt %. 5, plate V„ md hence ttey are mo«e 
\fMs to. ctuek than ahallow <Mwa. Erapnatrag vessek of 
glass, w pc»-celws, when of a moderate size, are generalljp 
bedded, up to their edge,, in sutd, fig. 10 and 16, plato 
XVI., and £g. 94, plate I. ; but those of vfurioos n^etabi 
are plased imm«Mliately over the naked fire. Evaporatory 
reasebi of gold, of Bilver. or of platina, ace to be preferred 
in some delict operations ; but the price of Uiese vessek 
do.not pOBUt tibem to beukedi especifdly in the hii^ way. 

FUiE, fig. 2, plate 11.— Bat-tailed files are conve- 
nient for penfooUing corks, into which glass tubes ate ta 
be cemented, without much danger of splitting the cork. 

FILTRING STAND, fig. 19, plate I. fig. 2, 
plate IV. fig. 26, plate XVI. fig. 5, plate Yll.~mtra- 
tion is a finer species of sifting. It is nfitjng through the 
pones of paper, or fitmnel, or fine linen, or sand, or pounded 
glass, ot poroira stones, and the like ; but it is used only. 
fer separating fluids fi^m solids, or such parts diat may 
bappen to. be mechanically suspended in than, or not 
•bemicdly combined with the fluid. Thus salt watee 
cannot be depiiv«d' of its salt by filtration ; but muddy 
water may. 

The fibri)^ stuid, fig. 19, pli^ I. consists of three legs 
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anpporting an lumzontal board, fumisbej wiA a bole, for 
Supporting a funnel. 

■ For the nicer purposes of Cbemistrj, bibulous paper 
must be used folded up into a conical form a, and placed 
Irithin a funnel j it should be colourless, wbidi may be 
easily obtained, and therefore net tbe blotting paper of 
•rdinary use. In other preparations, linen, woollen, or 
Cotton clodis, may be employed, which allow the liquid to- 
pass readily through them^ and which, tlierefore, are 
especially applicable to Bolutions of vegetable matters, 
and separation of them from their inselnble parts when 
required for immediate use. Very acrid liquors, such as 
acids, are liltred by means of a glass funnel, filled 
with powdered quartz, a few of the larger pieces being 
put in the neck , smaller pieces over these, and the fine 
powder placed over all. The porosity of this last filter 
retains much of the liquor ; btlt it may be <d)tained by 
gently pouring on it an equal quantity of distilled water ; 
tbe, liquor will then pass through, and the water will be 
retained in its place. The filtring stand, fig. 36, plate' 
XVI., is liimished with a drawer a, for containing filtring' 
paper, and a sliding board b, which may be elevated at 
different heights. 

FILTRING FOUNTAIN, fig. 5, plate VII.— Wa- 
ter may be filtrated in large quantities through a stratum 
of gravel and charcoal, placed in a curved pipe, so that it 
must rise upwards through tbe stratum; tig. 5, plate 
VII., exhibits the arrangemenb The gravel, or sand and 
charcoal, is placed in the curved pipe B, the water passes 
in at A, and is discharged at C. Another simple appara- 
tus of this kind is a barrel, divided perpendicularly, by a 
board perforated with a row of holes along the lower 
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ed^ Into each Bide, as moch weP washed sand is pitf 
as will corer these boles an inch or two, over which must 
be placed a layer of pebbles to keep it steady. The ap- 
pm^tus is DOW fit for use. Water poured into the one 
half will sink through the sand in th^ side, pass through 
the boles in the division to the other, and rise through the 
sand in the other half, Irom which it may be drawn by a 
stop-cock. 

FILTRIKG BAG, 6g. 1. plate II.— The size of 
filters must depend on the quantity of matter to be 
strained. Hence when large flannel or Imen is formed into 
a conical bag, and suspended from a hoop, fig. 1, plate 
II., a, a, or thune, the paper is spread on the inside of the 
bag. It is of advantage to introduce strings "of pack- 
thread, or a few pieces of straw between the paper and 
the bag, to prevent the paper from adhering too closely. 

What, passes first is seldom fine enough, an4 must be 
poured back again, until by the swelling of the fibres oi 
the filter, or filling up of its pores, the fluid acquires the 
requisite degree of limpidity. The filter is sometimes 
covered with charcoal powder, which is a useful addition 
to muddy and deep-ctdoured liquors. The filtration tA 
smne viscid substances is much assisted by heat. 

FILTRING FRAME, fig. 9, plate VIII.— Where 

no extraordinary nicety is required, the readiest way of 
filtering large quantities of fluid is, to throw tbem on a 
linen cloth covered with filtering paper, supported by 
a tirame of this kind. Elutrition is a species of filtration; 
it is confined to such mineral substances on which water 
has no action. It is performed for separating them from 
foreign article and impurities of a difierent specific gra- 
vity, in which case they are said to be washed ; or for 
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HeptOA^g ibt: inipt^able pofrden.obtak«d b; trituration 
and kvi^ticAi from the coarAet- particles. ThiB proceM 
"depends upon the property that very fine or ligrhit powdere 
have, of ranMnteg for some tinfte smpended in wtrter. It 
'is performed by diflVisiag the powdn' of paste, formed by 
leT%ation, througli plenty of voter, in a tall cylindrical 
-vesself le^hg it ^and a suffideDt ^ne tinti) the ooarwr 
particles settle at the bottom, and iheu ponriiig ofl* the 
liquid in which the finier or lighter particles are suspended. 
'Fr^ -water mty be poured on the residuara, and the 
^ehttien -repeated: OT the coarser ^aMides which fallto 
Ihe bofilom may be previously lerigAted a second time. 

FLASK^ (Diae^TiNo Flaix,)— Wh6n the vAvtiob 
'or djg«fitlflb of a Mbstance ia a fluid is quickly to 
%e effected, the bottle Gg. 38, plate I., or fig. 6, with 
It rtnind 'bottom, may be used. A common Florence 
oil flask serres the same purpose extremely weH, and 
bears, without cracking, sudden chAiges of temperatnre; 
Ibeiug blown thin and equable, it sAslains alteratioDs of 
Itemperaturfe with lessiisk of breaking, ahd Imn ita^ong 
neck any rapour irhich is- formed is condensed uid foHa 
back. 

The vessel when employ^ for digestion or sotnticm^ 
should not be above 4 full. It should be tied over with 
h fiete Of wet bladder, and pierced with <ne -cnr more 
small holes made trUSt a pin, so that the evaporation of 
khe fluid may be retarded as much as possible. The flflak 
iaky be heated over the lamp-fnrhace. Sdlation » ac- 
celerated by shaking and agitating the mixture. Perfetft 
transparency and permanent suspension of the solid ar6 
marks of perfect solution, by which it is distingulsbed 
from simple mixture, or mechanical difl^ion. 1%e 
ctiemist should be provided ^rith flasks of diffferent size»; 
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narrow moathed Hmk», Hg. 96, plate I., are beat for the 
^vc«8se8 of digestion, and abo for (^taini^ g^veS) t^ 
production of wfaiefa does aot require the aid of a etnmg' 
beat, sock as carbonic acid, bydrc^n, Bulphuretled hj*- 
dn^n, chlorine, Sec. ; for raetaoce let ua swppose that 
we wish to procare carbonic acid gas, by means of the 
contrivance represented, fig. I?, plate II., wbiofc consiats 
of a cfwunoD earthenware basin, acniea the rim of viiielr 
is ^aced a wooden board, four or five iBckes wi4c, and 
about tfaree-fourtbs of an inch thick, having B aSat temoi- 
nating in a hole, cut in the centre of the board, whidi fad« 
aerraa to receive an inverted connnon quart bottle as 
shewn in the drawii^. The flask is fumiihed with a 
glass tube which connectt the two battles and serve* 
to convey the gas, from the flask to the botde, far one 
extremity of tke tube passes air tight throng the emrk 
in the neck of the bottle, whilst the other end is inaerWd 
into the neck of the inverted bottle. To impregnate 
water with carbonic acid gas (or with any other gas which 
is not absorbable by water) by means of this apparatus, let 
the quart bottle be filled with water, quite full, stop it with 
a coi^ and invert it, with its neek downward, into the 
eardieBW8i« basin, also previously filled with water, and 
let k rest in tbe eratre hti« of the board, as repreaented 
in the design, and then withdraw tbe cork. This being 
done, put some white marble, lime-stone, or comnon 
chalk, broken into pieces of the size of a pea, into tJte 
flask, and pour npon it common muriatic acid minted 
with two or three times its bulk of water: the carboiue 
acid gas, which becomes extricated by the action of the 
add upon the marble, will pass trough die bent glasa 
bAt and enter tbe quart bottle from which it expels th« 
water, and die bottle thus beccmtes filled, wldi carbonie 
acid gas. When Ais has been e0ected, cork tbe btrttUy 
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in its inrarted position, with its neck uncl«r the surfac* of ' 
the water: and having next removed it out of the bauD, 
pour into it about half a pint of distilled water, cork it again 
perfectly air-tight, shake it for aboat three or four minutea, 
and then suffer it to stand for two or three hours, taking 
care to i^tate it during that time ireqnently. The water 
will thus become strongly impregnated with carlxniic acid 
gas, it will send forth a multitude of air bubbles when ex- 
posed to the air, and particularly when poured from one ves- 
sel into another, or when gently wanned. The colder the 
water is, the more carbonic acid gas will be absorbed. 

It is obvious diat a quantity of carbonic acid gas, equal 
to the portion of water poured into the bottle, ia wasted, ' 
but this is not an object, and this loss may even be avoided 
by inverting the bottle filled with carbonic acid gas, into 
a small cup containing distilled water, and suffering it to 
stand a few hours, or till a sufficient quantity of the water 
has ascended into the bottle, and has become impregnated 
with the gas. 

FLASK, for weighing gases, fig. 9, plate I.— The 
method of weighing gases is very simple and easfly 
practised. For this purpose, however, it is necessary to 
be provided with a good air pump; and with a flask of- 
rery thin glass, furnished with a brass cap and stop cock, 
as shown fig. A, plate I.; or instead of the flask, a glass 
globe fumished with a brass cap and stop cock, fig. 43, 
plate I., or a, fig. 3, plate XI., may be used. A receiver, 
e, tig. 2, plate XI., is, also, required, to which a stop cock 
is adapted, as shown in the design. 

Supposing the receiver e to foe filled with any gas, the 
wei^t of which is to be ascertained, we screw the cock of 
the glass globe a, or of the fladc fig. 3, plate I., on the trans- 
fer plate JT of an ah'-pump, and exhaust it m completely 
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as possible. The weight of th* exhausted reHel is th«ii 
reiy accurately taken, even to a small fraction <^ a grain ; 
and it is screwed upon the stop cock of the receirer e, 
fig. 2, plate XI. On opening both cocks, the last of 
which should be turned very gradually, the gas ascends 
from the vessel e; andthe quantity', which enters into 
the flask or globe, is known by the graduated scale on the 
receiver e. On weighing the flask a second time, we 
ascertain how many grains have been admitted. If we 
have operated on common air, we shall find its weight to 
be at the rate of about 31 grains to 100 cubical inches. 
The same quantity of oxygen gas will weigh about 31 
grains, and of carbonic acid gas upwards of 47 grains. 

In experiments of this kind it is necessary either to 
operate with the barometer at 30 inches, and the thenno- 
meter at 60° F. or to reduce the r(Jume of gas employed 
to that pressure and temperature. Great care is to be 
taken, also, not to warm any of the vessels by contact 
with the hands, from which ihey should be defended by 
a g^ove. On opening the communication between the 
receiver and the exhausted globe or flask, if any water be 
lodged in the stop-cock attached to the former, it will be 
fra-dbly driven into the latter, and the experiment will be 
£niBtrated. This may be avoided by using great care in 
filling the receiver with water, before passing into it the 
gas under examination. <{ is a female joint for connect- 
ing the two male cocks of the receiver e, and the flask or 
globe a. 

FLASK, Wide BIooth, fig. 24, plate I., fig. 60, plate 
I., and fig. I, plate I. — Wide mouthed flask, for connecting 
with the mouth of the flask, glass tubes, or other chemical 
apparatus, see thus, fig. 24, plate I., forms a convenient 
foDtrivance for collecting ammoniacal gns, without the.ai<} 
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)>e «olk«ted evw KFttter, on ■c(!Q«Bt «f t>e«g npi^f 
jtbfwrbed iby it; its actioQ is fomded en the difference 
jb^l»^n tbe«pecifi« gtarity of Ae gya, trad that of 
(dsBNtion -fur. T-kus, wpnxwac^ gve, ivhich fs Inucb 
4i|^tof '^n .coniooti air, laay W o1>taiaed in Ae f<J< 
lo>vng BtaBqer : 

Tak« the fladk* a, 'fig. S4, pliUe I., put isto its iniature 
<Df e^al pails of ilacked quicklime Mid miniate of amt 
mofoa, pretiously sepffirately reduced to 'a fine powder; 
adapt tt» ^e mouth of the flask a cork b, into which is 
firmly fixed, and eecnred with sealiv^-wax, a Btraiglit glaw 
tube c, f^ about a ^ of ^ mcH io diameter, and inreit over 
4hia tube tbe ^rec^vor or beB glass d, in Buch a mawer 
that -the upper extremity of tube c feadies close to, or 
toocheti, the top of the receiver d, and then iq^ly to 
the bottom of the fiask a gentle beat, by means of a 
spirit lamp. The ammoniacal gas will thus be pro? 
4<iced; and being much tighter ^an common «ir, and 
doected to thetop of the rec^rer, it will expel die common 
air grtdualiy out of the receirer i^ and occupy ib) place. 
We win know when the receiver or bell g^ws, d, is filled 
with tlie.gas, by a.dense vapour being iastmtly produced, 
when a feather, or glass rod, moistened with muriatic acid, 
is'brought near to the open end of ^receiver. 

iFig. 1, pUte I., exhibits tteo wide-moathed glass 
flask^ put mouth to mouth, they are convenimt for showing 
the action of various gases upon each other; for example 
^the production of muriate of ammonia, by the union of 
muriatic acid gas; the productitm of nitrous acid, l^ the 
mixtuFe of nutrpus gas and oxygen, &c. 

FORGE.— The common smith's forge whidi needs 
po description, is rf gi-eat convenience for the practiced 
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opej^tipw of fte laJitffatQry ! w4*^. ^ W^eqj 4^* 
foveries tna^^ in pbao80phi<;»l cheqikt^ har^ r^n^ere^ 
tbia inf^kiDs a peAicuIarly nece^ary appends^ to ereiy 
irell regulated Iqbon^tory. To obtain tbe ^etltls frop thq 
alcalies aod esjibe, &c. tbe forge-heuth is very bandy. 
By meofm of it k>Dg tubes may be exj^osed in a ready 
way, to an intense heat, whilst the operatoFf at the same 
time^ is enabled to t«ke them away from the ^re qi;(i^y 
. and to replace them instantly at pleasure, a eircuo^t^e^ 
which cannot be ^complished in any clpB,e furnace vrbatr 
-CTer. For the smelting of metallic ores, the forge i^ by 
far tbe readiest and most commodioifs contrivance. 

The blow-pipe, when adapted bj the double b^Uow^ 
of (b^ iufifn|ment, is w^U suited for the purposes of blow? 
ing and bleadiug glass, by directing tbe bla«t qf air tl)r(f|igb , 
a large ekein of cotton, supplied ^or combustion ^itb 
melted tallow, Even to kindle a fire quJcUy the fo^gQ 
is extremely t^eful ; ^od by aann^cting a fl«xjb|^ !^^^ 
tube to the blast-p^e of the bellows, a stream of air ifjay; 
be introduced iv-to any funiace of tb^ lalforatofy i^b^rf; 4 
rapid bl^t is wanted, The small oblong tryugb ^tt^b^ 
lo tfaefofge-he^irth, is convenient tA bcJA bammere, pincers^ 
and otj^r instruments ; when filled with water it s^e« i^t 
a bi^th for tampering iron or steel, J^ the tpv^^ qf tbit 
foige fire is v^ considerable, if common poal hfi ^flpi^oy^, 
it is advisable to have a fmine1-sluip«d sheeit irq^, of: 
brick hood, over the fire, tp carry away the spiflke ifttfi 
the chimney. If dense coke, or cobe and cbar.coal, b$ 
used as fuel, tbe hood is unnecessary, 

FORGJE FyRNACE.— 5« Fv?u(ace, 

FREEZING APPARATUS, fig. 24, plate XVI-^lt 
of two concentric vessels, mwle of japamed tin. 
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The substance to ' be ^»ngealed is pat into the intericM- 
TCflsel a, fiDiToanded with a fr;eezing mixtnre, whilst die 
outer vessel b, a filled vith powdered ice, and muriate 
of ammoniac, or way other mixture capable of producing 
a great reduction of temperature ; fig. 3S, shows the cover 
of the reasel, which is also filled with the freezing materids. 

FREEZING APPARATUS, (Dr, Hehkt'b), fig. 60, 
plate I. — This is a convenient apparatus for freezing 
mercury in the small way, and at a cheap rate. Tfae 
outer vessel of this apparatus is constructed of wood, fur- 
nished witha wooden cover, rabbetted in and furnished with 
a handle. Within this is contained a vessel made of 
japanned tin h h, on which rests a shallow tin pan c c. 
Within this second vessel £ £ is a third, marked d, made 
of uutinned iron. When the apparatus is to be used, a 
freezing mixture, composed of muriate of lime and snow, 
or pounded ice, is put into the outer vessel a a, bo as com- 
jdetely to surround the middle vessel b b. luto the latter 
the vessel d, containing the quicksilver to be frozen, pre- 
viously cooled down by a freezing mixture, is put; and 
this is inmiediately surrounded by a mixture of snow, and 
muriate of lime previously cooled to 0° Fahrenheit, by a 
mixture of snow and muriate of lime. The pan c c is 
also filled with these materials, and die wooden cover is 
then put into its place. The apparatus is now left till the 
quicksilver is frozen, which is also filled with tfae freezing 
materials, 

FREEZING APPARATUS, (Mr. Pepv's), fig. 14, 
plate IV. — This is an elegant contrivance for experiments 
on artificial cold; well adapted for public exhibition. It 
consists of an exterior and interior oval vessel of japanned 
iron. The interior vessel a a being one inch less in every 
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difectioB than the oater one i&; cc, are detached circubr 

vessels, placed in Uie interior one, for contaiamg the freezing 
mixtures. This apparatus is very convenient for exhibit- 
ing the freezing of quicksilver during the heat of sununer. 
Xhe freezing mixture employed may consist of suW 
nhale of soda and diluted sulphuric acid: but whea ice 
can be procured it should be preferred, and used in the 
pulverized stale with muriate of lime. When the apparatus 
is to be used with sulphate of Boda and diluted sulphuric 
acid, it is advisable to dilute the acid the preceding day, 
in order that it may be of the same temperature as the 
Borronnding air,' when the experiment is to be performed. 
This being done, let two phials of about four ounces 
* capacity of water be filled with diluted salphuric acid, 
place them in the middle of the cylindrical vessels 
c c, and surround them with pulverized crystals of 
sulphate of soda, so as to fill the vessels c c completely; 
and cool down the whole^by placing it into tfie interior 
vessel a a of the apparatus, by surrounding it widi a freezing 
mixture, consisting of sulphate of soda and diluted sul- 
phuric acid. The cover of the apparatus (which is 
exhibited in tfie drawing) is to be put on, and when 
the latter is likewise filled with the same freezing 
mixture, the whole is suffered to stand fbr about 35 or 30 
minutes. The cov«- |s then taken off, and the cylinders 
f c, containing the sulphate of soda and diluted acid, 
are then emptied as expeditiously as possible into the large 
cylinder d, containing the mercury included in a glass tube 
or phial, 

FUEL. — See Heat add Fuel, page 6. 

FUNNEL, figi 7, plate XVI.— The common funnel 
requires no description. The chemical laboratory should 
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be jiniT;itl^ v\A funnels of glass, brp.wn fttoqe ware, 
porcel^. tu)d tianed ircw, gf differeat wrc^s. 

FUNNEL FQR Sbparati)^ D,£i.iaiiESCEi<T Salts, 
fi^. 4, plate ^U. — a denvtea a Email circular pt^nit 
iolt^g a fuond which hfis ti r^ shallow tBsea, and 
9 narzov tube c, lennioatiDg; in a eiQ^Il bottle d, to collect 
^a deliquescent B^lt, which hw been occasioned by 
fxposing the saline maija over the terea of the funnel, in 
(he fitaiociphere. Fig. 6, plate XV., shows another modi- 
^cation of the same funnel. 

FUNNEL, Hydrostatic, fig. 4, plate I.— The use 
cf this funnel i« to pour fluids into retorts or other 
V^sfiela in which an (^>eration is going on, without ad- 
mitting external air, or deranging any part of the ap:- 
pitfatiu. It is evident that any portion of fluid poured 
into the fuonel a, more than sufficient to fill the two first 
parts of the bent tube, up to {he lerel 2, will escape by 
the lower e?ttremity b; at the same time no gas can return 
through this funnel, unless its pressure be able to over- 
come the resistance of a column of fluid of the height of 
the leg of tli9 funnel marked^, z, a. 

¥igf 61) pU^ 1, shows the adaptaticm of the funnel lo 
a retort, flg^ 5. — See also e, d,f, of fig. 8, plate.lll. ,fig. 9, 
plate IV., or a^ &, fig, 12, plate XII. : plate I, is another 
iContriTWice for the same purpose. It consists of a conmM>n 
funnel, in the throat of which is inserted a rod with a 
iconical point, which regulates the passage of the fluid 
through the funnel, according to the firmness with which 
jtis inserted. — Seealso3:,fig.9^plateIX,orx,fig.3I,pl9teL 

FUNNEL, (Retort Fvnnel), fig. 5, plate I.— By 
means of this horizontal tunnel, fluids may be introduced- 
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' uuto the body p{ a retort to pfercnt the neck Ihna be* 

comings soiled. 

FUNNEL, Sbpabatory.— Thig name is gireo to the 
apparatus exhibited fig. 80, plate IV. It is always mads 
of glass, and serves for separating liquids of different 
specific gravities, for iastance, ml and water, by ^owit^ 
the heaviest only to dn^ out of the bottom of the vessel ; 
the stop-cock a at the bottom being closed, and the veaad 
then filledvith.themixedtiquors. When they have stood 
at rest till the heaviest has entirely subsided ato the naPi> 
row part below, the stop-cock at bottom is opened, and 
when the stepper i at the top is loosened the heavier liquor 
flows out This vessel is used particularly far separattw 
essentia oils from die water which is necessarily entan- 
gled with them when collected from the water distilled 
irom plants that yield them. Some of these are lighter 
than water, others heayi«-, and they are both separated 
with equal ease; Fig, 10, plate IX., is the same con- 
trivfmce without a stop-cock. 

FURNACE, Chemical.— The utmost degree of beat 
that can readily be produced by a conmion parlour 
stove supplied with coals, is barely sufficient to melt 
a thin silver coin, for example a shilling, But a vcay 
lai^ number of the operations in chemistry are performed 
in a temperature not exceeding a full redness, and for 
many of these the c<Hnmon grate is amply sufficient. 
The flat iron sides or cheeks will also fornix an inferior 
heat, on which evaporating and digesting vessels ra^ be 
set. Tbe common grate however has two disadvantage^ 
one, that the openness of the Iront causes the escape of 
a great part of heat, and incommodes the eheniist in 
approaching it, and the other, that coal is a very unsteady 



DcmizedbvGoOglc 



121 Furnace. 

variable fuel, giving much blaze and edioke, and requiring 
frequent stirring. 

Before we describe the proper chemical furnaces, we 
may shortly state what must be their object.and constmc- 
tion. 

The best consbuction of e furnace has not been weFI 
ascertained from experience. There are facts whidi 
show, that a fire made on a grate near the bottom of a 
diimney, of equal width thougbout, and open both above 
and below, will produce amore intense heat than any other 
furnace. Wbat may be the limits for the height of the 
chimney is not ascertained from any precise trials \ but 
thirty times its diameter would not probably be too high. 
It seems to be an advanti^ to contract the diameter of a 
chimney, so as to make it smaller than that of the fire- 
place, when no other air is to go up the chimney than 
what has passed through the fire ; and there is no pros- 
pect of advantage to be derived from widening It, 

In general, however, the flue of the chimney is made a 
little narrower than the ash-pit. A close furnace of this 
kind, intended simply for beating any vessel in the midst 
of the fuel, requires essentially no more than three open- 
ings, namely, the ash-hole, the chimney, and a side-door, 
through which tp throw the fuel, and to introduce and 
take out the substance to be heated. 

Where distillatipn by naked fire is wanted, a small 
addition is required, and a hole must be cut level with 
the middle of the retort, through which its beak may 
emerge, and connect with the receiver or other vessel 
intended to collect the product. The retort in this case 
is generally of earthenware. 

Another object in furnaces is to apply a moderate degree 
of heat to larger vessels, which therefore can only be par- 
tially in contact with the fire. Must of the furnaces uted 
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in manufactures and for many oommoD purposes are of 
this kind, such as the common household coppers for heat- 
ing water, brewing coppers, salt-pans, &c. &c. Sand pots 
are also of this kind, and in all these, the substance to be 
heated is placed over the fire, soinetimes dipping into it. 
This also essentiallf requires only three openings, viz. the 
ashpit, chimney, and door for fuel, the Bur^u» of th^ sub- 
Btaucc heated being external to the fire. 

Another purpose in furnaces is to inclose and heat on all 
sides an earthen oven or muffle, the mouth of which at die 
«ame time comes in contact with one of the inner sides 
of the furnace, and is freely accessible from without by a 
corresponding hole cut through the substance of the fur- 
nace. This, therefore, requires another opening besides 
the three former already mentioned. 

It is Bometimes required in experiments of research to 
place an earthen or iron tube in such a numner, that the 
middle of it shall be strongly heated whilst each end ia 
cool, and projecting beyond the furnace, so that no part of 
the contents of the tube can come io contact with the fuel. 
This is done io a close furnace, by hating two holes 
through die sides directly opposite each other, through 
which the tube may be thrust. 

One more mode of distributing the beat of a furnace 
nu^ be mentioDed, which is, where the substance (o be 
heated is neither to be inclosed in any riessel, nor in actual 
contact with the fuel, but is spread on a kind of floor 
immediately beyond the fire, in a np»ce between the fire- 
place and the chimney, and receives the heat from the 
flame which draws over it This forms the reverberabny 
furnace, and requires a very peculiar construction. — See 
Retebbebatory Furnace. 

The abore are the principal ol^ects to be fulfilled in the 
construction of chemical furnaces for general purposes. 
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but another ^eal distim^oB is id the mode of snpptying' 
air, wluch may ht either by the natoral draught of air, or 
by belloTfE, or other arHficial mefuiB, In the former case 
the rapidity of the currwit ofafr and consequent intensity 
of Ae fire, depends on having^ a sufficient space in the a8b-> 
pit md diimney, and especially a rer; great length of 
flue, aad (dl the side-openings Irbidi j would break the 
current, carefully closed. But with an o'tificial blast the 
strength tX Are depends solely mi tbe d^^ree of mechani- 
cal power employed m impelling the blast, and the chim- 
ney is tdtogethet superfluous except tw Carry off the smoke. 
These kind of Aimacee, therefore, are much simpler than 
Ae draught famaces, a« no more is inquired than a sim-' 
pie hearth or a shallow pot, with a snudl bole at the bot- 
tom to conduct the air IVom tbe bellows. Large quantt* 
ties of materials, as in the smelting of iren* can hardly be 
beated to the ubnoat intensity without theartificM blast, 
«id Ae assstuioe of a blowing engine orscaoe other strong 
mechanical force, is necessary to keep up Ae constant 
supply of Eur. At least, mndi time and fuel are saved by 
die blast, for if Ac heat of die most powerful draught- 
fnraaces, such as Ae porcelain kilns, aiay be iH-onght to 
equal that of the iron-smeltiag furnace, it requires, bow- 
ever, a v^y l(d^ body of ftiel and a great many houi^ to 
bring it to the intensity. But in the small way, for expe- 
rimental purposes, tbe highest temperature of the draught- 
furnace, ^dien wdl birilt «id properly attended to, appears 
to be no way inferiMr to the best blast, to judge by the 
comparative effects ; and the greater ctmsumption of fuel 
and time is often fully conaterbeluioed by the saving of 
manu^ labour. 

Some chemists have supposed that the beat of a far'^ 
nace might be reflected imm Ae sides, and concentrated 
into one focus, by giving it a circular or elliptieid form. 
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Thie, however, is found by experience to be perfectly 
nugatory, fdr no sensible difference is observed between & 
cylindrical, globufar, or elliptical fire-place, prorided the 
dimensions of the chimney and ash-pit are the saaie. 
There is, however, a method of concentmtmg the heat of a 
Mast-furnace, hy dividing the blast into a number of 
smaller jets of air, and medliuiicidly drivii^ them towards 
a common centre. 

The materi^s ef which famaces are constructed is 
always a refractory clay, either in form of bricks, or, where 
the pieces of the furnace are small, of entire pottery. The 
larger' kinds of black-lead crucibles mi^e Extremely 
useful portable furnaces for a variety of purposes, bein^ 
very infusible, bearing pretty sudden beating without 
splitting, and having the additional advanti^ of being 
so soft as to be readily drilled by a gimblet, and cut by a 
■aw or hacked knif^, whereby openings may be made end 
«topp«« fitted without difficulty. Large moveable fui^ 
naces are often made of this kind of pottery, but much 
thicker than &e conmwn crucibles, and stoengthened on 
the outside by iron hoops. A very useful white ooBrse 
pottery is employed in France for portable furnaces, which ^ 
bears the fire extremely well, but when baked is too harl 
to be cut like our black lead ware. Moveable funiacM 
are often made of a wrought-iron case lined oh the inside 
with small fire-bricks, and Ae part immediately in con- 
tact wiA the furf- is furdira- covered with a thick coating 
of Windsor loam, laid on when moist and plastic, and 
beat f^quently with a wooden insbiiment. when dryingy 
to give it more compactness, and to fill up the smalt 
cracks which the shrinkage occasioiw. The fixed fur- 
naces are always built oifire-hricki (a very bard infiisible 
brick, made fw this express purpose) cemented wiA a 
Tery reAvdary ramiax ; and the jarger openings are eitb«- 
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irou doon set uptm hinges,- or aometimes a thick ftiece of 
fr«e-Htone, or a very large brick properly fashioned. There 
is a very soft red sandy brick sold in Iiondon, under the 
name of Windsor brick, which may be cut or scraped with 
great ease, and is extremely useful for stoppers, crucible 
Btands, and many other smaller purposes, though it is too 
soft to bear any considerable fH^ssure. 

FURNACE, Air Furhace, (Enigbt's). — See page 
39. 

FURNACE, Aia FoRHicE, (Cbetix's), page 30. 

FURNACE, Assay Furnace, page 40. 

FURNACE, RsTERBERATORt.— Figs. S, 3, and plate 
XV. — Are the section and jdans of a rererberatory 
furnace for experimental purposes. In this furnace, 
the fuel is cmitained in an anterior fire-place; and 
the substance, to be submitted to the action of heat, is 
placed on the floor of another chamber, situated between 
the front one and the chimney. The flame of the fuel 
passes into- the second compartment; by the form of 
which it is concentrated upon the substance exposed to 
beat, which is not confined in a separate Tessel or cmci- 
ble, but placed on die floor of the furnace. When re-r 
duced to a Mate of fusion, the melted mass is allowed to 
flow out through a tap-hole at k. The dimensions of this 
furnace it is scmxwly possible to state, as they vary so 
considerably in difllereat parte of it ; but th^ may be 
RBceitained by referring to the figures, and by the appli- 
cation of die scale. In all three figures, a represaitB the 
ash-pit; b tJie grate composed of moreaUe bus; c the 
door at which the fuel is inUoduced ; d a door in the side 
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of the chamber, for the purpose of inspecting the procen ; 
« the floor of the furnace which descend^ and is gradually 
contracted towards the back part; / another door for in- 
troducing and stirring the material ; g the bach put of 
the furnace, immediately under the chimney ; A the tap- 
hde ; i the chimney. Fig. 4, and 5, exhibits the shape 
of fire bars best adapted for furnaces. 

FURNACE, Portable Tabls Formace, (Kwisht*b), 
figs, 6 and 7, plate XV. — This furnace is composed 
of strong iron plates lined with fire lute, the inside 
diameter is six inches ; x shows the grate ; b the ashpit 
door; d the door of the fire-place when used as a 
sand heat ; e e two holes opposite to each other for trans- 
mitting a tube ; jT an openingfor the retort neck, when 
used for distilling with the naked fire. 

Fig. 7, A different view of the same fnmace ; x, the 
grate ; c the register to the ash-pit. The other letters 
correspond with the explanatiou of the pr8<»ding figure. 

For this furnace the propw fuel, when it is used as a 
wind-fumace, is wood-charcoal, eith^ alone, or with the 
admixture of a small proportion of coke. For distillation 
with a sand heat, charcoal, with a litUe pit coal, may be 
employed. 

FURNACE,Black Lead Table FusNiCB, fig. ) I, phtte 
X. — These furnaces, which are made of two large black 
lead crucibles, a a, applied moudi to mouth, and strength- 
ened with iron hoops, b b, are not capable of producing a 
strong heat, but may be employed for many ordinary 
pwpoaes. Their size enables them to be used on the 
table, and to move them to any place where wanted. 
The fuel to be bivnt in these furnaces is charcoal ; they 
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ar« brtttle, and coowqaeMly hMe t« aeddcnto, parli>. 
culariy when hot: jr is &e dieet inm chiiBitey. 

FURNACE, FiXBD UNiTEtsiL, F%b. 1,' mm! 1^ 
plate XV. — The inside ef this furnace is nine int^es 
cqiidre, and sixte«i in<^es deep flrom. the top to tb« gette. 
The face of the opening nse* at an angie, whii^ 
makes the back part five inches higher than the Iront. 
This contrivance enaldes us completely to covet a large 
retort with fuel, wiAout otntnicting the paarage of the 
ssr, and siso relieves pwtly Hie weight of the cover, whca 
it requires to be moved. The walls of the furnace are at 
Jeast a brick wd a hatf in thidcness, and as much noN 
as local cenvmimee w31 dlow. By nnking the a«^>^ 
below the lere) of the ground, die height of the fat~ 
nace need not exceed eighteen inches^ whieh renders the 
management of Ute fuel modi more easy, and sul^ects 
the faoe and hands less to the action of the beat.. The 
a^-pit a, must be at least eighteen inches deep, bdow Ae 
surface of th6 ground, and more if convenient. It must 
have an opening,. projecting &om it diree or four feet, to 
be covered with. boards, and with an iron grating next 
the funiace. This preserves the legs of the operator from 
the action of the fire. 

The grate b is formed of separate-bars, each of a trian- 
gular sbiqi?, three fom-dis of an inch apart, and resting 
on two bear««. In the front of die fnmaoe, m iron bar 
is to be placed to support the brick-worit, and to leave an 
opening, through whidi the bbra may occasionally be 
drawn out, and the fire be raked and deared of the dig. 
The chimney e is two and a half inobee froBt. the tc^, and 
four and a fadlf wide, by two and a half higk, 

19 fit duB.funia«e f^r ooganonal dirtiUtttioit with the 
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naked fire, an opening, d, is left oh one side, wbicE 
is filled up, when not wanted, by five pieces of soft 
fire-brick, cut to a proper ehape, and secured by a 
clay lute. It is proper, also, to be provided with other 
{)>eces, baviug ftrched openings for transmitting the neck 
at a tetoft. One of these pieces may have a round bole 
for occasioiially transmitting a tdbe, and a corresponding 
hole must tUen be made in the opposite side of the 
flirtkace, tt> be closed, when not wanted, with a stopper. 

FUtlNACE, (th. Hbnkv's) Wind Pdrnace, fig. 8, 
ptate XV. — This furnace may be used either as a wind- 
fumace, or for distillation with a sand heat. Its total 
height outside is ibirty-three inches, and the outside 
square is eighteen inches, or two bricks laid lengthwise, 
^e thickness of the sides of the furnace is the breadth of 
a brick, or four and a half facbes ; but whenever there iu 
room, it is better to make them nine inches in thickness. 
From the top of the fioitace to the grate, which is move- 
able, and supported by two bearers, the height is thirteen 
inches. It has a double Riimford door: or in pre- 
ference, a iioie closed by a moveabte earthen stopper, for 
Introducing fuel. The ash-pit should have a register 
door. The chimney is four inches wide by three high, 
and may either be furnished with a damper or not. On 
Ote top of (he f6mace a cast-iron ring is fixed, ten inches 
itiside dialneteir, three inches broad, and half an inch 
fliick. It is secured in its place by three iron pins, pass- 
ing through three equidistant holes in the ring, an J bent 
at the distance of nine inches at a right angle. These 
^erve th^ jfurpose of binding the ring firmly into th6 
brick-woi^. The sand pots are of different sizes ; and a 
farifety 0^ them may be made to fit the same ring, by 
varying the breadth of their rims. The bricks should be 
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cemented together, at least for the inner half of their 
breadth by loam, or by a mixture of Stourbridge clay, with 
two or three parts sand, and a proper quantity of water. 

When this is used as a wind-furnace, the opening in 
the side is to be closed by its stopper; or, if a Rnmfbrd 
door be employed, it must be defended from the fuel by 
a fire tile. The fuel (coke) is introduced at the top, 
which is occasionally covered by a fire tile. When di»- 
tillation with a sand heat is performed, the sand pot rests 
on the iron ring, and the fuel, which inay be common pit 
coal, is added through tbe-opening in the side. It may 
be proper to state, that in order to receiTC a sand pot of 
as large a size as possible, the upper course of brick 
should be bevelled within the fiiraace, and the width at 
the top may exceed a little that at the grate. 

The best Stourbridge or Newcastle-on-Tyne fire bricks 
are necessary in constructing this and all other fixed 
fun^aces. 

FURNACE, (B&ruel's), for making gazeous oxyd of 
carbon, fig. 1, plate III. — The object proposed in this 
arrangement is to oblige the gas evolved from carbonate 
of lime (0 traverse charcoal contained in three gun-barrels» 
b, c, d, and thus to saturate itself with all the carbon it can 
dissolve. It may likewise be used for procuring sulphu- 
retted hydrt^n, carburetted hydrogen, phospboretted 
hydrogen, and for saturating gases with any gazeous 
substance, when a high temperature is requisite for that 
purpose. The apparatus, however, is too complex, too' 
expensive, and too easily put out of order, to deserve 
general adoption. Fig. 2, shows a horizontal section of 
the furnace; a a a are the gun-barrels ; in fig, 9 i is a 
pneumatic cistern, and c the bottle from which gas pro- 
ceeds into the barrels. 
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PURNACE, (Kmaht's,) Wi(fr-FiJRNACE.— "See Ai» 
FvRNACE, p. 39. 

FURNACE, (AiKid's), See Blast Fornace, page 54. 

FURNACE, UNiTBasAL Portable, fig. I, plate 
XV. and geometrical view of the Game furnace, fig. 
14, plate II. — Among the whole groap of apparatus 
designed for applying heat to bodies, this furnace un- 
doubtedly is for the purposes of experimental chemistry 
the most useful, however numerous and difierent the 
operations to be performed may be. It may be used with 
perfect safety in a room, and is, therefore, well calculated 
for those operators who have no access to the laboratory, 
as well as for public lecturers on chemistry. A very 
large number of chemical processes may be carried on in 
this furnace commodiously and at a cheap rate. 

For the smelting of metallic ores, or for operating with 
the crucible, the vessel with its stand or support is placed 
on the grate, in the midst of the fire, the larger opening, 
which in the design is occupied by a sand pot, a, in which a 
retort is placed, (or mouth of the furnace), is closed with 
its cover, and the fuel introduced at the top, or through 
one of the openings in front cc. 

When distillation by the naked fire is to be performed 
with this furnace, the retort is placed in the fire, on a 
crucible stand, and the beak of it is made to pass through 
one of the front openings c,c. The same proceedingserves 
to obtain such gases as cannot be disengaged without 
exposing the materials that afford them to a red heat, viz. 
oxygen from oxyd of manganese, gaseous oxyd of 
carbon, &c. 

For distillation, or subUmation from the glass retort. 
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or the alembic, aa iron Mnd-pot, %. 23, plate 3(.Vt< or 
fig. 3S, plate I. is pat in its place as shewn in the design; 
the fiiel then is added through one of the' front openings, 
Ci c. In this siuid-^hath may likewise be pkeed fiapks, 
digesters, mattrasses, evaporatories, and other vessels, 
to receive an uniform, safe, and gradual heat. 

For evaporation btf the water bath, a shallow pas, 
(figs. 10 and 16. plate XVI.) filled with water, and placed 
on the mouth of the ftu^ace, may be employed. 

For Toaating metailic ores, an4 othCT mineralst to free 
them from sulphur, arsenic, &c. a muffle, fig. 16, plate I. 
riranld be placed, «r bettet luted with clay, in the lower 
front opening; the fuel is then introduced at the top or 
mouth. To asaagf gold or silver, and to enamel or paiat 
oa glass, the same arrangement is convenient. 

Thtdecompositum of water, by passingsteam over ignited 
iron or charcoal, may be performed by laying an earthen-r 
ware tube, x, fig. 14, plate II. or gun ba^^ throngh the 
aide openings, a« shewn in the daagu.* The iqiddle part 
of the l^arrel may thus be made red hotv whilst each 
extremity is readily kept cool, and may be connected 
with any kipd f£ apparatus. 

For eoa^fm^tig by the naked yfre, tho iron. nQg« ), % 
shown near fig. 23, plate ^VI. which >ffe qt different 
sizes, serve fo lessen the upper opening of the furnaos on 
vhich diey are pnt, so as to adapt it to the si:^ of the 
waporatory vessel, whirtever its diaurter may be. The 
larger ring '}& Qjst placed oi^ the mouth of the fiunace^ 
the second in size is put on the first, &c. until the opening 
is sufficiently lessened* 

The dif^nt aperture which ane 19' the fmat ai(cl 
sides of this furnace are provided with solid stt^pers of 
cro^jblfr ware, ^tted by grinding, to close the ^pertujies. 
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CDOMqaffBtlf » whenMer oae or the other ». not enpl^ed, 
diey are ftirtker eorettA vitik inm dooiS) to keep out Ac 
sir e0e«tuidly. 

The r«giit«r dean «t iIm acdi-pit, mne aa dan^ters to 
regulate the heat vith pmisioB, by adoiittHig (a exciaiiaf 
air at pleasure, when more or less opened or shut. To 
tiKxea^ the draught df the fire om particular eeoosioos^ an 
won pipe, eight, t«), M twetre fleet loa|^, a^ not less tftUk 
four or fire iacltes » diameter, maj be adided to the tttart 
obimuey, k, which can be adi^ted to any fireplace; fay 
diis means the drangfht is au^^uented prodigioiiBly. It ia 
■ot essential that this pipe afaauld be extended pcfpen* 
dieulaily; on the contrary, it m^ be placed borizonttdly, 
abliqne, or procead ia any diraotkin as kcal convenienoak 
will allow: the waste heat prodaoed by tiaa {upe amy be 
wq^yed to warm die kboratwy, or for other purposes. 
And as this ftvnace is very heavy, being made of etroug 
hammered sheet iron and lined with fire Imcks within, it 
i» plseed upon castom, and strong ring handles are affixed 
to its sides, that it may be raoyed along the fioor withont 
much tnrable. 

The fuel to be used, if an intense heat be wanted^ should 
he ceke and charcoal mixed in about equal quantities,^ 
and broken into pieces of the uze of an egg ; for ordinary 
purpeaes common coal answeis T«y well. The height oC 
this furnace from the grate to the top, is fifteen inches j 
the cross diameter within ten j the height of the ash-pit 
to the gtaia is seven inches) the .front openings, c, Ct 
mMsore toai iadies by three and a qfiarfer. The fire^ 
bricks with whidi the body of the ftimac« is lined, ar« 
wedge-sbftped* and cemented b^«dier by fire lute, to 
render them aet liable to become injoied by aoadental 
UowSt &C. ; diey ate, moreover, iateriaced with litifs of 
■heM inn, bevt twiee at ri^ tuglet, to clamp tbam 
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tt^eUier, and to bind die wliole linings to the ouMr case of 
the fiirnac«. The mterral between tbe brick work and 
the outer coat of the furnace, which is two inches and a 
half thiclc, is filled with charcoal powdw and loam, which 
mixtnre confines the beat effectually. 

FURNACE. Chbkicai. Lanp Fubnics, &g. 6, plitte 
VII., or fig. 16, plate II. — The lamp-fiimace, as it is 
periiaps not very properly called, is one of the most conve- 
nient means ofapplying the brilliant flame of an Argand's 
lamp to the purposes of experimental chemistry. A vast 
nnmberof chemical operations may be performed wUh great 
speed, precision, and perspicuity, by means of it. Indeed 
ibe lamp-furnace may be used for almost every one of the 
operations of chemistry In the small way, which require a 
temperature not exceeding a dull Ted heat. Tbe process 
of digestion, the sublimation of salts, the stdution of earthly 
and metallic bodies, the concentratioa of liquids, all the 
multifsrions processes of distillations by the sand-badi, 
and by naked fire, the producticm of gases with the 
pneimwtic apparatus, and even the fusion of earthy mi- 
nerals widi alcalles for aoalyus, may commodiously be 
accomplished, at a trifling expense, on the table, with the 
help of this instrunaent. Besides the heat produced by 
the lamp-furnace lias the capital advantage of being 
easily regulated : it may at pleasure be suppressed in- 
stantly, or maintained for several hours at a constant and 
determinate intensi^. These advuitages alone will be 
valued properly by those who know that the most expe- 
rienced and moat attentive chranista meet in practice with 
frequent accidents, by which both tbe vessels and the 
products of the operations are lost for want of power in 
Ae proper management of the fire. It is thus also that a 
number of minute circunstances, which are ewential to 
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be known to the student, pam away unnoticed among the 
furnaces of the regular laboratory, which may be observed 
when the same process is conducted on the table, and 
under the immediate eye of the experimenter. Fig. 16, 
pbte II. exhibits a lamp-fumaee in action, connected 
with an apparatus, to ahew the formation of a gas. Fig. 
9, plate IV. exhibits a lamp-fiimace, it consists of a brass 
rod,a, fixed into a solid brass foot loaded with lead b;oa 
this rod slide three metallic sockets with straight arms, to 
which are shewed brass rings of difler«it diameters, ccc, i 

for supporting a glass basin rf , or a flaek e, and each of 
these rings may, by means of a milled head and screw///, 
be set at different heights. Below these rings is placed a 
•pirit lamp g, supported on a wooden sliding stand, (fig. 
11,) whidi may be elevated or depressed in order to ' 
cause the lamp to communicate more or less heat to 
the vessel suspended over it. 

FURNACE!,LAHpFDltHACE,WITHC0NCBIITKIcWlCK9, 

fig. 6, plate Vll. — In diis lamp-furnace a second cy- 
lindrical wick is added to die common Argand's lamp 
of the apparatus. These two wicks being concentric, 
and each of them having an interior and exterior 
current of air, a donble flame is caused, and the power of 
producing heat is augmented to more than three times 
that afforded by the ordinary lamp of Ai^nd ; a circum- 
stance which renders the use of this apparatus in the 
small way, almost equal in effect to a sand-bath. The oil 
to be burnt in this lamp shoidd be of the very best kind. 
Fig. 9, plate VII. shews a perspective view of the wick- 
holder of the lamp, and fig. 7, plate VII., is a perpendi- 
«alar section of it. 

FURNACE. Lamp Fdrkacx, (Oditons*), fig. 13, plate 
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KV. — A) w tjw bodp or rawrvov of die wnal ArgnBd lamp, 
wiA • shade wd gkM cbinui^ ; & a tkimb Mvew for ruMng 
tbe loMif* (J a suffHift, coaatsting af a rouad vtnk iifliiw 
fffm«d pf ^o {Msoea, whidi s£T6w togBther it absut ^ d 
te bfliglit. Upon the «irailBr ling c, die am/and die 
nut g elide, and are moreable by ito re^edivA thumb screw. 
ThiS aUB also eiuriA a moveable piece A, which sems to 
Blupead dfee Tessels m a conmient ntuation, or to secure 
thev peaitieii. The whi^ support is attached to &b 
Hf[HRre iron stMn of the lamp hy a piece of hud wood i* 
nrhidi may befixed at any required sknatioD by its screw ; 
k reprtseate a staad for tbe receiTefs. Iti moreable tablet 
I, m fixed at any required elevation by the woodea screw 
rru The piece wluch fiwins tbe foot of Am stand is fixed 
on Ute beard n s but its rola^n poution widi regard to 
the lamp may be dwoged by sliding die foot of tihe latter 
between the pieces oo; p, anpdwr attod forthe paeirakatic 
trough. It is raised or lowered, and fixed to its place, 
by a stvoi^ wooden screw^ qi r is tbe tobe of sa&ly, or 
terened syphon, iavented by Welter, (see Tube of Safe- 
ty). The anangement of this lamp fiirbaee is complex, 
i^ieh raodevs it expensive and eiunhersiMBe. 

OA80NETER.— The extended applica&in ot Ae 
gasometer in the praqtiee oi chemistry is smftoimtty 
.kawtm. Ope <tf the moat simple gaB<Hnet««, and wlaeh 
uMwars suffieientlyi for ell oommon eKperimeata, is dnt 
represented in ftg. 18, ^ate XI. It ie sukle of tinaed 
iron, the soriaeee of which are japanaed. 14 coosiBtB of 
two priacipal parts; a Iwgie -rt^pA (],Boniewbai bell- 
abi^et^ which ia designed to contua tbe gas, and a qrlin- 
drical vessel of rather greater depth, h, kt wliifllt Ae 
former is placed, and which is designed to contain the 
water b^ which the gas ia confined. To dhniaisb, bow- 
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presr, the qnanti^ of -wvttei, tbis cylindrical vewd tw « 
CQDe within it, alao of japftnped tHHwd inai, ad^>ted tp 
the sh^e of the gaa^hold^, w that this latter sUcles bat- 
tvecBthia aod ttiecfUndriail vessel, and a sbuII quantil^ 
Qf w«ber is sM^ieqt to fiU v^ the spaoe Iwtweea them. 
The vessel dqtigBed to fWBtoia the gw, w liiu^aded bf 
cords bvQg o^MT poll^yB) t« which w««^tB v» omtlbf)dt 
^ m tfy <09aterp<H«< it* Fnns a ste^cecfc tE, at tba 
Hpder pwt of the appwatiw nuu a tpbe oodw the ojrlis' 
clwt irhich rifes thrtw^h the £oi)tr«i pawing through the 
i^tme, the cfieiuBg by wluoh it pwaoi b«ii^ soldtied so «| 
to be aft-itight, and teiwhiptioff by an open Bunith at the 
tipp^ {wrt of the hellrflbHped vtmd a. This ti^, at A« 
pfvrt wb^re it is beet at nght snglef, to smeMl na lw» 
^B 4«iicribedt is Qooae^ei with another t^Iie which ^M 
tons luider the hottop. wd ascends on the ootSMk* ttirmh- 
noting h) th^ Bt(^-coqk «, so that ("m we it^-cadt t» 
the other, through the gWrheMer, thwe is tn upiotw- 
tHpte4 pwMiage^ WhflQ the itHtnmwt is te be wKii. the 

stop-cock d is opened, and die vessel a pressed 4(}m> • 
BU^ciefit q«ant^ ef y^T hmg «t *e ***«■ qrHoder; 
tb« airofthe wM isfoF«!doBtb)> the pnwuM, imI its 
pbce i* ece«i)wd by tiie w«ter in wbkh H in ihm in'- 
qiersed. Wh^ tNi is «(M«d» the steip-eect, is den^ 
md aoW) if -we vish t« ip^rvcUee wy gas inie the appa>- 
ratns, a bent funnel, the mouth of which is placod in • 
vessel of water, is attached to die tube of the stop-cock d, 
and the stajt-ooct is epeued. If the extpevity of a reiert, 
or of a tube conT«yittg gasr tecmiiwte helow ike m&cf> of 
th« f«ni)«lt the ga» will Kise el««g the t»be, will sMwd 
to the tofk laf the gafi^^^t^, w4 tbie heisg eottttteqMiaedt 
wiU, as the gee enteni, rine ia the «M«r vatil it is ^ed, a 
qwutity of water> of wvse* Tewaiaiag wowsd the owuUi 
of )t» t>y which ihe gaa is ^ot^sed. When we imh 
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to expel the gas, the stop-cook d is closed, diat at « is 
opened, a flexible tube / is adapted to it, and the 
bell being pressed down, either by the hand, or by its 
own weight from the removal of the counterpoising 
weigbta, a stream of gas issnes from the extremity of the 
flexible tube, end may be tranferred into a jar, or ap- 
plied to any other purpose, and its quantity may be mea- 
sured by the instrument being graduated by a scale 
marked ^n the rod/. Besides the ordinary purposes to 
which it is applied, namely, to enable the chemist to col- 
lect and to preserve largo quantities of gases, this machine 
may be used las an excellent blowpipe, to keep up for a 
long time an unintermpted blast of air ; the velocity of 
tiie stream may be- increased or diminished at pleasure, by 
the pressure which the operator applies to the bell b, of 
die madiine. In substituting oxygen gas for common air 
in the gasometer, an opportunity is given to> excite the 
most intense heat that combustion can produce. For 
breathing gases, the gasMneter is the most convenient in- 



The gasometer exhibited flg. 9, plate XI, being repre- 
sented as transparent, shows the construction of the ap- 
paratus more distinctly. It difl''eT8 in nothing from the 
former, except in the airangement of the pullies ; flg, 6, 
plate V. shows the gasometer connected with two gas- 
holders. 

GASOMETER, Mercuseal, (Peftb's,) fig. 12, plate 
XI. — For experiments on gases, which require much 
accuracy, and which cannot be performed over water, 
this gasometer, which is made of cast iron, is extremely 
useful. The experiments may be performed by means of 
it, on a tolerable large scale, althougli the necessary 
quantity of mercuiy to fill the gasometer, &c, is. compa- 
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ratirely small. The apparetiu, howerer, U too coady aod 
too easily put out of order to be accepted with welcome 
among^ tbe generality of tbe cultivators of chemical 
science. 

^, is a represent^cm of the bell of the gasometer, 
made of glass, furnished with a cock at top, and able to 
contain 34 ounces troy of distilled water. The dinBtoos 
of capacity, determined by actual meaBurement,aremarked 
on the glass with a diamond. £ B, section of two cylin- 
ders of cast iron, the outward one screwed upon the solid 
internal one, which is made to project at its lower ex- 
tremity, fuid tumished with a' male screw, to work into a 
female screw with which the lower end of the extemdl 
cylinder -is furnished. The space between these is so 
adjusted as to be abnost filled up by the substance of the 
glass bell a when dropped into it, so th&t the quantity of 
mercury necessary to fill up Uiat space is proportionally 
small. The internal cylinder has a condueting tabe up 
through its a»s, the lower end of which is furnished with 
a female screw answering to the male screw of the cock 
of the small receiver c. The receiver c is made of glass, 
and open at bottom. When this receiver is used, it is 
screwed into its place, and rests upon a small cup or cist^m 
of mercury d, in which die beak of a retort, furnished with 
a bent glass tube, to be afterwards noticed, may be intro- 
duced imder tbe receiver. E,e,e,e, section of a wooden 
stand upon whidi the cast iron cylinders are support- 
ed, having an opening throu^ tbe top to permit the 
cock of the receiver c to be joined to tbe conducting tube 
of the internal cylinder b. The cistem d is adjusted to 
its beig^ by means of a rismg cylinder in tbe pedestal /, 
0, fig. 2, a glass globe and stop-cock, for weighing gases : 
it receives its gas by being inverted, uid, screwed into 
die bell glass f. Fig. lH, is a Madder fiimished with a 
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ttop-codc to snut IB boldiag, twfcrrtig, at lantii^ Jife 
fsBDt fBsflfl ; fig. 11, w aa et«gtio gaot-bottie, capable of 
CoKtHBiing SO ounces of distilled water, for boMing mad 
gases : when need, it is screwed into tlie top of the raoeiver 
«, fig. 9 f tbe bottom cock 1^ the thn tnonrfer, «, being at the 
same time joined to the bell f» previotMly diarged with the 
alkatine gas : tbe coeks b^g tmifed, the geeea nufa 
together in tmcbo. Fig. 13, a amftll pmtaMe exbMsting 
aii>^mmpv for exbaottitig the globe «. t^ s doiAle ft«id« 
torew, wbid) ita sBf pan of die AppmUuB, and on wUdi 
ft ralve mAy be festened. 

One of die princ^ objeotioas to Aw tUe of id e rtttt - y' 
h sneh experinieBts m tikis Appantas i« hrteflded fbr, htm 
been, the great fiirce neooMary to ovMooifle the rOsiiMnee 
«f a oolnBiB «f Btercnry ytbtn game eve to bc re«e^«d 
ever AbI dmaefiuidt aresistuicflndieproponiflnof Ana 
inch of msraarj to feurtaea ineheB of wMer^ and wtnii 
rer; few hrtea are abl« to WitfastanA. IIub resistanoe it 
here oter wM by a very eimple contrrranee : a bent tnlM 
fitted into tbe boak of therdtert s, (if ww be eai|doyed)> oP 
iatoa Wotfs apparalas, and pMSingiata tbe upfn- pwrt df 
tbeaiaallrecetver, aBexpteswdin tbeplate^^. Bjtm- 
ployug BMTOUrj ior sBch eAperiManiN, aMither adFaat^M 
is gained byAeBse of this apparatus, n«melj, a po«<ey of 
exhadstioD ia Ae iMoit, or WolTs bettfe, e^wi! to a oo- 
hiH&B of two indM* of mercuTy, or 99 jauhea of «Mer^ 
This wiU be easiiy ooBeeived wten it ia nM^lleeted that, 
by drawing ap the lar|;e raoef vw Ot ibo Miall ol»e o itt 
raised in its eisters, bearingf ap with it dw tiottttiinfld met-' 
^ry, which is kept in its pia<!e' by A0 ^«ffiiH« of the 
atiAo^ibere «■ the flar&e» of tbe mcnHoy hi the«iiltem. 
Tbe oock <^ dbe sdlaU i«em*ei< is Aon to^be ttUned ol'^ 
and Am (tf the iBrgfe «Be to be tun>B^ Ob* T%ki idf , oF 
wtuoh the nlcnt^ or welfv btttU^ut^ns ethMttted^nAtjr 
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^Mtt be let tNit, t^ phtBfuig' 1^ smail reoctrcr into die- 
Bwrcury betwsea tbe cyliaden, and tui&ing off the ooek. 
Wban a ua&aeut ^aantity of gaa panes foun tbe retort, 
or hattie througb tbe bent tabe to level fke mercuiy in it, 
Bad tbe cistere, lile oenHB«nic(ilio& may asaia be opened, 
aad tbe same ateps followed as b<H«re deacribed. hy tbw 
neaoB we tre enaUed to abtaan auns gaa from tbe aatoe 
tmteiwia, dMB i£ we had re c eir ed it diro^h a fluid 
of the we^ht of wtfer ; a cirenuutanee af aoms iuporth 
anee where nice and aeeurate reavdtt areieeked for. 

Tbe.j4ttte of die apparatw is on a wde of msAy tbrta 
iachea to a foot. 

Fig. 1, plate XI., is an dastic gum bottle^ adaptad to 
fit the atop-oecb, at &e top of tbe bftt of the gas. 



GASOMETER, MBKevRBu, (CLAT«BtB^ Fig; S, 
plate V. %. 2, plate V. r^treaeslB a aectioB of tbta 
machine, which consista of a Btnag glaas cylinder a, oe- 
tnented to mic of Ae save kind b, fittod to tbe solid 
Mock G, into which the gbw tube d ia- ocmBnted for eon^ 
veying air into tbe moreaUe recedTer «. 

The braaa azia baring a donUe bewisg at o* «, ii ter- 
ffiiaated at one cAd by the wheel g, tbe eircamflBrenoe of 
which is eqiud to tbe dep& of Ae reeeiFer, so that it nay 
be drawn to tbe auifoce of tbft nnwcnry by the cord h !■ 
oae revbiation': to Ae other end is fitted the whed Adorer 
whioh. die balance oonl erma IB an opporite direction in 4h» 
spiral groow •;. a firant view of Ae wheel k is diewn at 

fig.n. 

Havii^ bnded the rcceirer witb the wnght t, some- 
th^ heavier than ai^ be neaeaaary to force it throng 
the mercury, it iaManced by tbe small woght k, whicb 
hanga ftom that part of the spiral where the radius is 
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eqiud to that of the wheel g, imm tbk point dw radios 
of the tpiral must be increased in mdi propwtion, that 
in every part of its circuit, the weight k may be an exact 
oonnterpoise to the air-holder. In this way, so littte fric- 
tion will be produced, that merely plunging the lower 
orifice of the tube A under mercury contained in the small 
vesiel /, will be snfficieDt to OTercmne every resistance, 
and to force the gas disdiarged frwu Ae beak of a retort 
into the receirer, where whatever may be its quantity, it 
will be subjected to a pressure exactly coTTe8p<«iding to 
that of the atmosphere. He edge of the wheel h being 
graduated, the balance cord c may be made to indicate 
its Tolnme. 

- Shontd it at any time be necessary to reduce the pres- 
sure to the medium standard of the barometeT,-it may 
easily be done by graduating the lower end of the tube A, 
and adding to the wcdghts t or A, as may be found neces- 
sary ; the surfece of the mercury in the tube pointing out 
the increase or diminution. 

The concavity at the top of the internal cylinder is in- 
tended to contain any liquid it may be thought proper to 
expose to the action of the gas. 

The upper ori6cey, with iti ground^opper, ia parti- 
cularly useful in conveying air from die retCHt g, with its 
erarved necit, into the receiver, without its passing through 
the tube d. In all cases where a rapid extrication of gas 
is expected, the retort g, diould be firmly luted to the 
orifice, and die weight t, removed frran the top of the re- 
ceiver, this by diminishing the pressure, wiU admit the 
gas to expand freely in the air-holder at the instant of its 
twmation, and prevents an explosion of the vessels. The 
same caution must be observed whenever imy ii 
of gas is produced by the electric spark. 
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Th« air may be T«adil;f traiuferred through water or 
eren mercury by tbe tube k. 

■ To prerent an absorptitm of mercury in caee of a con- 
densation taking place in the retort made use of for ^e- 
nerating air, Sir H. Davy has applied tbe stop-cock t, to 

- which the neck is firmly luted. This stop-cock is like- 
wise of great service in saturating water with acid ot 
alkaline gues, which may be effected by luting one end 
of tbe tube k to the stop-cock, and plunging the other 
into the fluid in the ranall vessel I, cemented at top, and 
terminating in the bent funnel m — the tube h having been 
previously remored, and the lower orifice of the tube d 
either sunk to a considerable depth in mercury, or closed 
with a ground stopper. The bend of tbe tunnel m, may 
be accurately closed by the introdnction of a few lines of 
mercury. 

- Tbe application ^ the stop-cock n, has enabled Sn- H. 
Davy to perform some expenments on respiration with 
c(»iBiderable accuracy. 

GAS BOTTLE, fig. 2, plate IX., tod h, fig. 18, platd 
II.— When a gas is extricated, in ctmsequence of chemical 
action, with tbe application only of a moderate heat, the 
glass flask or bottle with recurved tube is used. All these 
kind of bottles should be blown very thin at bottom, that 
they may support the hear of a spirit lamp suddenly ap- 
plied, without cracking. In fig. 3, plate IX., the tube is 
fitted into tbe neck^ by grinding ; it is curved nearly in the 
form of the letter s. In the tubulated gas bottle, fig. 18, 
plate II., the body of the bottle is represented as containing 
a fluid in the act of combining with a substance that givei 
out air, which passes through tbe tube into the jar a, under 
whose mouth the other extremity of tbe tube is placed. 
For if a glass jar be filled with wat»-, and placed inverted 
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on ifae ■beM' ef tbe pDeumatic tro^b, m shewn in tbe 
design, the troug'b being filled with water to the edge, it 
iaobrious thet the month of the inverted jar being aur* 
Fownded 'wiA wrier, the fluid within it will be sustained 
by tbe pEeasw^ of tbe atmospbeFe. If while thus filled, 
A* exttemity of tbe recurved tube coBoeeled witb tbe 
bottle disengBgiflg gas, be ^aced under it, or if another 
iwerted jar, containing any air, be turned up, under tbe 
noutb of the bottle, advanced a little over the ^elf, the 
ebstie fluid, in either case, will rise through tbe water, 
displace it, and be collected in the jar ; and while tbe 
noutb «^ this jar contianea surrounded widi water, the 
iBsluded dr cannot escape, nor will tbe atmospheric air 
find access to it. In this way, then, aeriform floids can 
be ctdleeted and ^«served. CM* Aese kinds of gas bottles, 
several will be required, of difierent sizes and shapes, 
Adaipted to difierent purposes, tot a well furnished lebo- 
fatory. if they cannot be pr«cured, a Florence flasdt, 
with a cork perforated by a bent glass tube, or even by a 
tin pipe, will serve for obtaining some of tbe gases. — See 
%. 17, plate II.; or, if tbe extrication of the gas ret^aires 
BO external heat, a ctHnmon phial a, fig. 3, plate IX., 
iiamisbed wUb a tube b, bent «t right angles will do very 
welli If the gas be much heavier than common air, it 
may be collected without water, as shown fig. 51, plate I. 

GAS APPAJIATU 8, (Dt.Urb's) fw uialysiag gazeous 
bodice. — S«e SypBVN for AHALvsma Gaseb. 

»AS HOLDER, (Cavallo's) See Aia Ho»Eit, 

page 32. 

GAS HOIJ>ER. (WArrs's). — See Ai» Hoi-deii* 
jfafta 31. 
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GAtVANIC TROUGH, an inreiitioii ot Mr. 

Cruickshank. — It consiBts of a trough of wood, in thft 
sides of which are cut grooves, at the distance from each 
other of from i to 4 of an inch, according to the width of 
the box. Plates of two metale, usually copper and zinc, 
from three to six, or eight inches square, are soldered 
together, and this soldered or double plate is inserted in 
the first groove of the box, and fixed in it by a cement of 
resin and wax, so well applied that no liquid can pass 
through. This is repeated, fixing a double plate in each 
groove, and taking care that the order in which they are 
inserted shall not be reversed, but that the copper side 
shall always be towards the one hand, the zinc to the 
other. The space, therefore, between each pair of plates, 
forms a cell for the purpoee of containing the liquid, by 
which the combination is to be made active. The advan- 
tageof this contrivance over the galvimic pile is, partly, that 
it is much more easily put in order ; and, besides this, it is a 
more efficient instrument. When constructed in the way 
which baa been described, it afibrds an example of a 
galvanic combination of the first kind, formed by two 
perfect and one imperfect conductors. But it admits of 
of being modified, by cementing, into the grooves, plates 
of one metal only, and filling the cells, alternately, with 
two different liquids, as diluted nitric acid, and solution 
of sulphuret of potash. In this case, we have a battery 
o/the second order, formed by the repetition of one per- 
fect and two imperfect conductors. For the arrangement 
of other galvanic powers, the reader is referred to Dono- 
van's Essay on Galvanism, and Singer on Electricity and 
Galvanism. 

The following desigu represents another contrivance 
of a gdranic trough, with the plates out of the cells. 
L 2 
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GALVANIC TROUGH, with moveable plates. 




' The zinc and copper plates, ifistead of being soldered 
together in pairs, as in the common galvanic trough, are 
'here detached, and a commnnicatton between them is made 
at the upper edge, by means of a projecting piece, or me- 
tallic arc, from the centre of each plate. They are com- 
. bined for the sake of convenience, in sets of twelve pairs, 
by means of a wooden rod. The trough is made of por- 
celain ware, divided into cells or partitions, corresponding 
to the number of pairs of plates in the trough. The 
plates, which are zinc and copper, may be introduced into 
this trough, so that one of the pairs of plates is at the ene 
side of each partition, and the other at the other side ; the 
connecting pieces, or arcs, projecting from the centre of 
each plate, forming the connecting arc, passing over each 
partition, and a plate of zinc, and one of copper, is thus 
placed in each cell. By this contrivance both surfaces of 



DcmizedbiGoOglc 



Galvanic Battery, 149 

the plates are acted od, and the whc4e series may be lifted 
«ut of the cells when not wanted for action, and suppwted 
upon two perpendicular iron rods, affixed to an outer 
wooden case'of the trough, wfaidi is intended to protect 
the porcelain trough from accidents, af ahown in the 
sketch, 

GALVANIC BATTERY.— A number «f galvanic 
troughs connected together have received the name of 
hatteries ; and these machines are said to belong to the 
first or second order, according as the simple combinations 
-of which they are fonned arc composed of substances of 
the first or second order of conducting arrangements. 

That end of the battery to which all the copper sur- 
•faces we bimed, is called the Copper extremity ; that to 
which the zinc surfaces inclme, is called the zinc extre- 
mity. 

The fluids used for filling the trough, are eitl^r qitric 
or muriatic, ot sulphuric acid, diluted wjth water, or » 
mixture of these acids. No fluids except wch a« contain 
water can be employed in the Voltaic appamtus. > Ni- 
trous or muriatic acid, is, on the whole, preferable to any 
other ; one part of nitrous acid, of .the usual strength, 
being diluted viHtk tw^^ty or twenty-five parts of water. 
By this fluid, ^oo, the surfaces of the plates ape kept 
always clean, as it dissolves the oxyd formed. If muriatic 
acidf which is less expensive, be used, the proportion 
may be «ne part to sixteen or twenty of water. Muriatic 
flcid is jH^erable to all other liquids ; the nitric acid is 
more powerful in the same proportiop, but ita cost is 
four times as great, and it destroys the copper plates as 
well as the zinc. The nitrous gas evolved by its action 
is also much more unpleasant to the .operator than hydro- 
gen, which resujis from the lemploymeijit of i^uriatic acid. 
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Mr, Cbildreo rea>mmend8 a mlxtiire <^tbree parts fuming 
Dittoas acid, and one of sulphnric acid, diluted with thirty 
pertft of water. 

Id filling a gnlranic trough with the fluid, it should be 
obserred that it does not rise higher than about ^ of an 
inch from the upper edge of the plates; and after the 
filling of the trough is completed, the upper edges of the 
plates, as MeW as the edges of the trough, should be care-r 
fiilly wiped dry, that there may be no communication 
between the fluid in the cells, btit through the metallic 
substances. When the trough has been used with any 
of these fluids, it requires merely to be washed wiA water 
at the end of the experiment. The fluid may be battled 
■up, and reserved for future use ; and if the most powerful 
action of the trough is not required, the same mixture 
may be employed sereral timev. Here it may be worth 
while to notice, that the precaution of emptyingthe trough 
should be invariably observed, as soon as the experiments 
(or which it was filled and prepared are finished ; by this 
management diere w9I be a considerable saving, both of 
Ae fluid and of the stunface of the plates, which undergo 
oxydation. In combming together two ormore troughs or 
batteries, to have the full efiect of such a number of plates 
«s may be employed, in pn^rtion to the extent of their 
surinces, the soriace of Ae plates in each trough should 
1m die same ; otherwise, if troughs of difitrent extent of 
suriace be employed, the action of that trougli which has 
the largest surface is dirainisbed, and reduced to that of 
Ae action of the trough whose plates hare the smallest 
extent of surface. 

The plates of course must be opposed to the surface <^ 
a different plate; as, for instance, the zinc surface of one 
of the plates most be constantly opposite to the copper 
surface of the next plate in the series. The different 
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tn>a^ Aue nnifimnly airaoged, are to i>e connected 
togetber by meuis of metallic cooduotors. A slip of cop* 
per, for instance, about lialf the width of the trough, is 
inserted by its ^podte extremities in the cells of the ends 
of two of the troughs. 

To produce a shock by the galvanic trough, fill each 
interstice of the trough with the dilute add, or selected 
solution for use, whi<h is easiest done by elevating on« 
end of the trough, and pouring the liquid into the first 
cell ; tlie rest will successivdy fill of themselves, taking 
care not to fill the trough so that the tops of the plates 
will be covered with the liquid when laid down level. 
Then let the operator moisteD both his hands with brine 
or wat», and gra^p a silv-er spoon or other piece of metal 
in ead). If one extremity of die plates in (he trough be 
then touched with one spoon, and the other extremity or 
the last plate in the trough with the other, a distinct shock 
will be felt at every repetition of the contacts. It is greater 
in proportion to the number of groups of plates of which 
the apparatus is composed. 

GALVANIC CUPS.— Small cops, usually made of 
agate or fiint, for showing the transfer of the elements of 
bodies in opposite directions tiirough irater, or fxmnu 
bodies with which they have a stroag a^Snity, widioat 
being retained. "Hie aanexed sketch exhibits the appli- 
cation of these cnps. 



Connect three cups, h,g,f, standing in a iww, by a few 
filaments of asbestus, (V wetted cotton, and pour a solu- 
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don of sulphate of soda, or sulphate of potash, into the 
eeotral cup g, and water tinged blue with tinctnre of 
cabbage ia the two other cups, h, /, and connect the onter 
cups by means of the wires d, e, with the two ends of the 
galranic battery; alcali will make its appearance in the 
glass negatirely electrified, and the acid in the glass con- 
nected with the posittve end of the battery, though neither 
of these glasses contained any salt, so that the acid and 
alcali must hare been transported right and left from the 
cup placed in the middle, into the other glasses, by means 
of the connected fibres of moistened asbestus. The action 
' of the alcali will become obvious by the blue tincture of 
cabbage acquiring a green colonr. whilst the acid will 
change the colour of the tincture red. This experiment 
may be rendered more striking in the following manner. 



Put into the central cup k, liquid ammonia, or a boIut 
tion of potash, or soda, and in the glass connected with 
the negative end of the battery /, a solution of sulphate of 
> potash or soda, and pour water into the posidre glass t. 
The acid will be attracted by the poeitire wire, and ap- 
pear in the glass t, after passing through the alcaline 
solution k, uid without combining with it. 

And, reversing this experiment, if an acid be substituted 
for the alcali ■» the central glass, and the solution of sul- 
phate of potash be rendered positive, the alcali will be 
conveyed through the interposed acid, and go to the 
negative side of the battery. 

In this manner, Sir H, Davy dfcoinp<^d sulphate of 
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lime, sulphate of BtroDttan, fluate of lime, and other solid 
bodies, insoluble, or difficnltiy soluble, in water. la each 
case the earth was found in one ressel and the acid in the 
other. Even glass was decomposed, and part of its alcali 
exhibited entire, Sulphuric, muriatic, nitric, and pho&r 
phoric salts were decomposed with more rapidity; tfae 
acids in a certain time collected jn the vessel containing 
the positive wire, and the alcalies and earths in that con- 
taining the negative ; he connected a Bmall cup made of 
sulphate of lime, with a cup of agate, by a piece of asbes^ 
ttH ; and, filling both with purified water, a platina wire 
being inserted in the cup of sulphate of lime to transmit 
the electricity, and a wire in the agate cup for receiving 
it ; in about an hour, a strong solution of lime was found 
in the agate cup, and sulphuric acid in the cup of sul- 
phate of lime. By reversing the order, the sulphuric 
acid appeared in the agate cup, and the solution of lime 
on the opposite side, 

GLOBE, Dbtonatino, o, fig. 2, plate XI.— A stout 
glass globe for detonating oxygen and hydrogen, and 
aHher inflammable gases ; (f is an ivory conducting piece, 
to insulate a metal conductor to convey the electric sparlf: 
into the globe a. When the globe a is exhausted and 
connected with the receiver e, the gas contained in the 
latter of course will pass into the globe a, when a comr 
municatioD by means of the stop-cock J" and c is esta? 
biished. 

GRAVIMETER, fig. 10, plate VII.— The extensive 
use of the knowledge of specific gravities has produced a 
variety of contrivances, under the names o( Assay instru- 
ment. Hydrometer, Areometer, Gravimeter, and Peser 
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Hquer, for the parpoee ef ascertainuig the sped&e gnri- 
ties of difiOTcnt bodies in an expeditious manner. 

liie construction of all those instnimente d^ends npoM 
the principle, that if a body whose specific gravity is less 
than that of certain finids, be caused to float successireiy 
upon those fluids, it will sink deeper into the lighter thao 
btto the heavier fluid. O that a greater addition of 
ve^ht is required to keep the same part of the floating 
body below the surface of a heavier thui of a lighter 
fluid. 

The most simile gravimeter consists of a graduated 
red or stem, ca, about 5 inches long, which is fixed to the 
bulb a. From the lowest part of a fmother stem proceeds 
a short way, and teminates in a smallw bulb b. The 
bulb b is partly or entirely filled with some metallic 
or other ponderous eubstaace, which answers two pur- 
poses; it renders the instrum«it just heavy enough to 
sink as far as some part of the stem ca below Ae surface 
of the fluid which is to be tried by it; and it serves to 
keep the instniment upright in the fluid; hence it is 
placed as ballast in the lowest part of the instrument, 
- Now, when the specific gravity of a fluid is to be deter- 
mined, the fluid is put into a glass jar, or other couve- 
nient vessel, and the gravimeter is set to float in it; then 
the specific gravity of the fluid is indicated by (be number 
of the divisions of the stem a c which remain above the 
(mrtace of the fluid; or (which amounts to the same 
thing) by those which remain below that surface; those 
divisions being made, by trial and adjustment, to represent 
parts of the whole bulk ef the instrument. Suppose, 
for instance, that the bulk of the whole instrument be 
equal to 1000 cubic tenths of an inch, and ^at each of 
tbe divisions of the stem represents one of those parts. 
Tbm if this instrument he placed first in one fluid and 
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4k&i in anotlier, and if it be Ibuiid to sink as far as the 
40th division (counting from the top) in one fluid, and 
as far as the 30th in the other fluid, it is evident that of 
the 1000 parts of the bulk, 960 have been sunk ia the 
former fluid, and 970 in the latter; therefore, since the 
specific gravities of tboBe fluids are inversely as the parte 
inunersed, tbe specific gravity of the fornix is to that of 
the latter, as 970 is to 900. If water be one of tbe flokb, 
-for instance tbe former, then say, as 970 is to 960, ao is 
<Hie to a fourth proportional, whitA is the specific gravity 
of the other fluid when that of water is called uaity. Bst 
tbe divisions on most of those instruments are numbered so 
as to indicate immediately the specific gravity of a fluid in 
comparison witb that of water, whidt is reckoned one. 

Gravimeters of the above^oentioned sMt bav« been 
made of glass for such fluids as corrode metals; atid of 
metal, wfaich is mwe durable, for such fluids as have no 
action upon it. But die peculiar imperfections of the in- 
strument are Jst., it can serve only for those fluids wfaich 
difier very little in specific gravity; for if tbe divisions 
of the stem represent small portions of the bulk of the 
instrument, then the whole l^igth of the stem will likewise 
represent no great part of the whole bulk; hence veiy 
little diflerence of specific gravity can be indicated by all 
the divisions which are upon it; and if die divisions repre- 
sent considerably lai^e portions of tbe instrument, then 
tbe instrument will not indicate small differe.-]ces of 
specific gravity. Sndly. Tbe inequalities of tbe st^, 
and the small quantity of fluid, which in the common 
manner of using the ioetnunent can hardly be prevented ^ 
from adhering to that part of the stem which is just above 
the fluid, render it inaccurate in a greater or less degree ; 
they are howevor ueefiil fer many commoD purposes. 
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GRAVIMETER, (Nicholbon's), fig. 7, plate VI.— 
It does not appear that a better metbod for finding specific 
gravities, paitl.cularly for the use of the chemist, need be 
wished for; for this inBtniment determines the specific 
weight of both solids and fluids in an easy and expeditious 
way, and it requires no address in using it. a is a hollow 

' ball of brass or copper ; e is a dish affixed to the ball by a 
short slender stem d; c is another dish affixed to the oppor 
site side of the ball by a kind of stimip. In the instni- 
ment actuidly made, the stem d is of hardened steel, ^ of 
an inch in diameter, and the dish g is so heavy as in all 
cases to keep the stemveitical, when the instrument is 
made to float in any liquid. The parts are so adjusted 
that the addition of 1000 grains, in the upper dish b, will 
just sink it in distilled water, at the temperature of 60" of 
Fahrenheit's thermometer, so that the surfece shall intersect 
the middle of the stem d. Liet it now be required .to find 
the specific gravi^ of any fluid. Immerse, the instrum^t . 
therein, and by placing weights in the dish b cause it to 
float, so diat the middle of its stem d shall be cul by the 
fiurfiice of the fluid. Then, as the known w«ight of the 

' instrument added to 1000 grains, is Uf the same known 
weight added to the weights used in producing the last 
equilibrium, so is the weight ^f a quantity of distilled 
water displaced by the floatw^ mstrumeat to die weight 
of an equal bulk of the fluid under consideration. And 

'; these weights give the ratio of th<e specific gravities. Again, 

. let it be required to find the ppecific gravity of a solid 
body less than 1000 grains. Place the in^rument in 
distilled water, and put the body in the dish b. Make the 
adjustment of sinking the instrument to the middle of the 
stem, by adding weights in the same dish. T.ake those 
weights from 1000 grains, and the rejnainder will be ttke 
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weight o" the body. Place now the body in the lower 
dbh c, and add. more weight in the upper dieh b, till the 
adjustraftiit is again obtained. The weight last added will 
be the loea the solid sustains by immersion, and is the 
weight of an equal balk of water. Consequently the 
specific gravity of the solid compared with water, is as its 
weight to the loss it sustains by immersion. 

GRAVIMETER, {GmrroN's.) —Nicholson's gravi- 
meter has hitherto been constructed of metal, hencp it 
cannot be used for acids ; to obviate this objection, Guyton 
has modified the construction of the instrument so that 
it may be made easily of glass ; his instrument is of a 
cylindric form, being diat which requires the smallest 
quantity of the fluid, and is on that account preferable, 
except so far as it is necessary to deviate for the securi^ 
of a perpendicular position. 

Like the instrument of Nicholson, it carries two basins; 
the one superior, at the extremity of a thin stem ; towards 
the middle of which the fixed point of immersion is 
marked. The other lower basin terminates in a point; it 
contains the ballast, and is attached to the cylinder by 
two branches. The moveable suspension by means of a 
hook has the inconvenience of shortening the lever which 
is to secure the vertical position. 

The cylinder is 0.71 inches in diameter, and 6,8S inches 
in length. It carries in the upper basin an additional 
constant weight of five grammes. These dimensions 
might be increased, so as to render it capable of receiv- 
ing a much more considerable weight ; but it will here- 
after be shown that this is unnecessary. 

Guyton has added a piece which he calls the diver 
(plongeur), because in fact it is placed in the lower 
basin when used, and consequently ia entirely immersed 
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in the fluid.* It is a bulb of giaas, loaded with a guffi- 
cient quantity of mercury, in order that its total weight 
may be equal to the constant additional weight, added to 
the weight of the Tolume of water displaced by this piece. 

It will readily be understood, that the weight being 
determined at the same temperature at which the instru-' 
ment was originally adjusted, it will sink to the same 
mark on the stem, whether it be loaded with a constant 
additional weight in the upper basin, or whether the 
effect of this weight be produced by the additional piece 
in the lower dish. 

From this explanation there will be no difficulty in de- 
ducing how this instrument may be adapted to every case 
of practice. 

It may be used for solids or fluids. It u in fact the 
hydrometer of Nicholson, from which it difiers in no 
respect. The only condition will be, as in his intniment, 
that the absolute weight of the body to be examined shall 
be rather less than the constant additional weight, which 
in this instrument is 115 grains. For liquids of less 
specific gravity than water, the instrument, without the 
additional weight above, weighs about 459 grains in the 
•fimensions before laid down. It would be easy to limit its 
weight to the utmost accuracy. We have therefore the 
range of one-tifth of buoyancy, and consequently the 
means of ascertaining all the intermediate densities from 
water to the most highly rectified spirit of wine, which is 
known to bear in this respect the ratio of eight to ten with 
regard to water. When liquids of greater specific gravity 
than water are to be tried, the constant weight being 

• Aa we have no word in the Eoglish which can with prc^riety be 
used «s the IranBlBilioa of the word piongeur, we shall take the liberty 
to call this weight the additional piece. 
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applied below, by raeaiis of the additional piece, which 

weighs about 138 grainti, the instrumeDts can receive in 
the upper basin more than four (nnes the uswd additional 
weight, without loaing the eqidibrium of its vertical 
position. la this state it is capable of shewing the specific 
gravity ofthe most concentrated acids. It poeMweB another 
property common to the instrument of Nicholson, namely, 
that it may be used as a balance to determine the absolute 
weight of such bodies as do not exceed its additional load. 
Id«tly, tlie purity of the water being known, it will indi- 
cate the degrees of rM«fac(ion and condeoBatiou in pro- 
portion to its own bulk. The addititmal piece &r the 
lower basin requires some attention to make it perfectly 
agree with the constant u[^r weight, as to the immersion 
of the instrument. But this object may, by careful 
adjustment, be aecertained with the utmost certainty aod 
accuracy. The bulb of glaas is for this purpose drar^ 
out to a fine point; a sufficient quantity of mercury m 
introduced to sink it, and the aperture closed with a 
iuorsd of wax. The bulb being then placed in the low«r 
basin of the instrument, the upper ba«n is to be loaded 
nntil the mark on the stem becomes accurately coincident 
with the surface of the water. The sum of the wei^ts 
added above is precisely equal to that of the quantKy lof 
mercury necessary to be added to that in the glass bulb; 
which done, nothing more is necessary than to seal dw 
pmot by fusion, taking care not to change its bulk. 

Though this instnunent is rather delicate in form, it 
has no other imperfection than the natural brittleneas «f 
the material, which must necessarily be used for experi- 
ments with saline and acid liquors. 

Nothing more remains but to render it portable. This 
object is sufficiently obtained by means of a case m. wbkit 
all the delicate parts are secured irom pressure and the 
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heavier parts supported in such a maaaer as td resist tbe 
excess of motion they are capable of acquiring by 
virtue of tbeir mass. This last circumstance is frequently^ 
overlooked by sucfa workmen as are employed in the 
packing of instruments; whence it necessarily follows, 
that BOme strain or fracture must be produced when mattets 
of very unequal density are exposed to receive a common 
impulse. 

The mediod of securing this instrument in its case will 
be better understood from fig. 4, plate VI., than from the 
most extended verbal description. 

The condition of hermetically sealing the additional 
piece without changing its volume, necessarily requires 
that the part near the aperture should be very thin. 
Hence it has sometimes happened that the point was 
broken without any external blow, but merely in conse- 
quence of the motion of the mercury contained within. 
A similar glass bulb might indeed be added; but this 
constitutes but a small part of the remedy. For it is 
necessary to adjust the instrument again, to preserve the 
property of measuring the specific gravity of the denser 
fluids, and it has been found that this operation was not 
exempt from difficulties when the desired degree of pre- 
cision was to be sought. 

This inconvenience is remedied by substituting in the 
place of the glass bulb loaded with mercury a small mass 
of solid glass, as the stopper of a bottle, which is first 
brought to the proper form by grinding, and afterwards 
carefully diminished, until, when placed in the lower basin 
of the instrument, its immersktB in distilled water at the 
required degrees of temperature and pressure shall be 
exactly the same as when the instrument is floated in the 
same liquid with its constant additional weight in the 
upper basin only. 
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By this means there is a certainty of acqniritig the 
utmost degree of precision at first trial; because the 
whole process is reduced to the mere adjustntent of a 
weight. 

The following is the method for applying thw gnvi-, 
meter to find the specific gravity of any substance what- 
ever, without requiring distilled water, or the thermo- 
meter or barometer, or any subsequent correction. 

The gravimeter being supposed to be well regulated, 
let J- represent the specific gravity sought ; b the addi- 
tkmal w»ght necessary to sink the instrument to the 
mark in the unknown fluid ; c the weight placed with 
the solid in the upper basin immerses the instrument to 
the mark ; d the additional weight to produce the same 
effect when the body is in the lower basin n the specific 
gravity of distilled water, at the temperature of 12.5 de- 
grees of the decimal thermometer, and the pressure of 
757.7 millimeters = 1 ; n the specific gravity of the 
water made use of. 

(b-c)a' 

The following formula gives the solution*: x= ■ 

d-c 
The value of n' is first to be found, which is greater 
than unity when the water made use of is heavier than 
distilled water, and in the contrary case is a iraction. 

Xiet P represent the weight of the gravimeter without 
any additional weight in the upper dish. For the lower 



• For the sake of those who are unacqnunted with symbols, I shall 
here give the rule in words at length : From the wdght in the upper 
tUsh, when the iostmmeot i> properly inuuersed in the unknown 
fluid, take the wdght which is placed with the body in the same scale 
at the like adjustment. The remiunder is the absolute wdght of the 
solid. Midtiply this by the specific gravity of the fluid, and reserve 
the product. 
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tAAiHoxai Jiiflce acts bnty by its reeidud weight, and %is 
must vary with Ae fluid, it is clirar tbat it mnt ke cim- 
flidered as pairt of the inHbument, and enter into the valoe 
of P whenever it is used. In fact the graTimetter with 
tbia piece is an Ihstniment perfecUy distinct fitun that in 
^hich it is not lued, and the adjnatntent may then be 
made as well, and perhaps more easily, by a constairt 
small weight in the upper i6tii, as by the very ddkate 
pro(«SBTectniim«Bded by Gnyton. V the ooostant volume 
of 'ike immersed part; a the addittonal constant vmgiit 
in the upper basin, or that wMcb nnmerses tt to Ae anrk 
in distiHed water ni; and we shidl have P + a = V n; 

P+o 
whence V S5 — ,— 
n 
Again b represents the weight more or lees than a, 
which must be substituted to produce the same immersion 
in another liquor different from distilled water. 
P+i P+A 

We shall therefore have n" = ■ ■ = . 

V P+a 
The value of n' being found, every thing else is known ; 
nothing more being necessar^ than to substitute this value 
in the formula. 

We are persuaded that philosophers will immediately ' 
perceive the advantages of this method. Distilled water 
was wanting; but this practice renders it unnecessary. 
Even if distilled water were at hand, it would seldom 
happen that the times of the standard temperature and 
pressure would agree with those of the experiment; and 
when an artificial temperature is produced, it is subject to 
vary during the course of the experiment. All these dif- 
ficulties are removed; and even when ^istUled water is at 
hand, water containing a nnall portion of a netitrid salt is 
preferred. Two motives justify this preference. 1st. It 
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k nieK MfmaiMt t6 acH «tme umidl »re%ht to Ae c<»- 
fltant jUtAMoniil weigtft, fean M compose a lew by a 
serifts of flub-muWplea. S<I. By toakmg Me of alicjaid 
nt the temperatare of the Btirrouiidmg air, it k evidently 
less exposed to otkA variitioBB. .These ciroumBtanMs are 
BQore fevonrable to •oouracy in the jteniUB. 

Fig. 10, ptaleVl., repreeientB.Ae .gfanmetec, a.itte 
tewet- ^beisin, ii^e upper bsain, * *he poiW of immcnim 
mailed «n a-^k piece of :gbM in tb* tnside.af the iriieaA 
ttarked 2r,JAto^ewecaHed;>ii»»j««ir,whicfcialpl(w«doL^ 
Itfver 1»«fn «, wh«a exprnnteata ave made on &iida of 
greater deiBdty Aan water. Fig. 6, 4e jgntTinHeter io 
the «y1ittdt4c veasal ifilltfdn-Hli water, Jn^tfaicb it floate 
imiBMved to )theiiuiiitiv,)by^m^m8«f4he4idditional con4 
gtant weight A It IB cjiD'saiient'W diodae a vessel. of 
Boiib a dep^ that tbeinatrumevt msy be at,)ibeTty to floaty 
attholtirtJ of die vaUti, or even belief it, without its 
being- possible *hatthe^bo«oin'ortije:o|]^baBin should 
ever descend to 'file smfaee of Ae water. Fig. 4, Aa 
grarimeter in its cose, i^ The cyliadnebl part p( Ae 
jbstmmCTlf'Ibdged in-agToiwe.in.>fliecaae,.ai>d secured 
above by the two |(rojeeii«i»e e'tchich leave the jstem at 
"liberty. It issecuredatthftiaiddleby the brass button/, 
and is pressed' trtlow by a piece af conk, Tfladi reatson 
a fixed Wock; j,i8 a sliding piece mdacrew to support 
the 'b(illest-piece,"and' prevent the braacbes from being 
etidangeied by any internal movement ^ of the. mwcntyi 
ft, the addrtional ballast-piece, ta ptmgmr incite separate 
caiy'/,Ae constant addttlonal w«i^t placed in a. cell 
rtit-in^the aolidWod, and deared'pnt at the' rides, BO that 
itmay be conveniently -takefi up wben wanted; m^the 
rahersuifaee Of the «0Ter hollowed out at n to,recoive 
TrtAtfut friction .the projetting part of the upp« hairia. 
A paper is past en' the innersarfeee of the.«ovier».tD shew 
M 9 . 
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134 Gun-Barrel Apparatut. 

die weight of the graTimeter with'or without the addi^nal 
bfdlast-piece, and the volume of water it displaces in eithra- 
case, which are often required to be accurately known. 

GUN-BARREL APPARATUS This name is 

usually given to a gun-barrel when combined with a 
furnace. Thus fig. 42, plate 1., is tho gnn-barrel. appa- 
ratus for a fluid or gas to pass through an ignited gun- 
barrel ; for example, let us suppose we wish to pass car- 
bonic acid dirough the tube. For this purpose make a 
gun-bairel b, to pass through a furnace, taking ewe to in- 
cline it at the narrowest part ; adjust to one of its ezfire- 
mities a bent tube, and let the other extremity of the 
barrel terminate in a tube c, combined with a tube of 
safety. Introduce one extremity of the tube, as shown 
in the design, under a bell in the pnuenlatici basin. 
When the apparatos is thus disposed and wdl luted, 
bring the gun-barrel to a red heat, and when thoroughly 
red-hot, pour diluted muriatic acid into the hydrostatic 
funnel, fixed into the two-necked bottle, drop by drop, 
to disengage the carbonic acid from marble or chalk put 
into the two-necked bottle for that purpose. 

Fig. 14, plate II., shows a gim-barrel apparatus tor 
exhibiting the production of hydrogen gas, by the decom- 
position of wat^-. The portable furnace is similar to the 
universal furnace, described page 133. It is made of 
hammered sheet inm, lined with fire-bricks. The height 
of die body of the Aimace- is eighteen inches, its inner 
diameter measures eight inches. In die front of die fur- 
nace are thiee opesingsj a a a, pei^ndicularly over each 
odier, furnished with dooiv. The lower door closes the 
ash-pit, and serves to regulate the hei|{ at pleasure by open- 
ing or shutting it more or less accordingly, d is the chim- 
ney, which may be elon^^d by an additional tube, and 
then directed into the fire-place of the apartment. If a very 
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iotente heat be required, tbis tube or c^mney of the fiir- 
iMce sbould be at least fire or six feet lu|^h. Let a giu^ 
barrel, x-x, baying its chamber or breeeh remored, pass 
through the fhmace/ taking care to incline die barrel at 
.the mrroveat part ; adjust to its u|^>er extremity a snutU 
glaas retort y, charged with water, and lat die o&er ex- 
tremity terminate m.a tube w, introduced under a reoeirer 
j>, in the pneumatic trough q. When the apparatus is 
iJuH dispoeed, and well luted, light a fire in the fiimaca, 
and bring die gtu-barrel to a red heat; and, when 
thoroughly redrhot, make due water in the retort j/, boil>; 
the vapour, when. passing through the red-hot tube, will 
yield hydrogeu gas abundwidy. 

HOOPS, 6g. 3, plate XYI.— Wooden hoops, covered 
widi strips of cloth, are convenient for steadily aupport. 
ing reoeiveiB, retorts, basms, and other round bottomad 



HYDROMETER, for Saltb, (fiEtoHs's,) fig. 10, 
plate VII. — This hydrometsr, though not a very correct 
instrument, resemUes the common gravimeter, it is often 
employed by manufacturers for ascertaining the specific 
gravidea of saline fluids. It consists of a graduated glass 
tube ballasted at the lower end by a small quanti^ of 
mercury, whit^ keeps it continually in a.vertical position.^ 
When plunged mto distilled water, it stops at the point 
ntarited zero : the upper graduatioiis express the difieient 
degrees- to which itsinks in the lightest liquids; the lower 
marks die d^^rees to which it rises in the heaviest liquids. 
There are two hydrometers of Beai]m£. A single in- 
strument would in strlctaees suffice to indio^«r die density 
of every liquid from the liglUest alcohol to the heaviest 
acid, nhicb woiUd intiade a range of actual specific 
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grarkjr frofn ahont j& to 2. (rMr Wogt ti^ifa m )^) 
-But aD mstE^ient af lUs knd amit be ralbflr ioeoa- 
■mntmdj l<nig, ar tfe attma. aauit be Tcry wtde^slul tfab 
ctegteesteonDBOtefartalasyfl antuTM^i. Beduii&lfasb- 
'fare reiy jn^iAamij diHdri it hda two wnteK, tma of 
'tfhich ■ t]ie hydruRBctec for spirit isA mooMi l^klm tlnn 
mter, and ibe othtr t^ hydnnatterfor mitt « hipiiAi 
fcewrier than -water. He lias fmdier ili^bgiijiiliiiil ibwi 
hj inTeiting die Bcales, that i§, in tfas artn^oMit for aaJk 
ib6 0. or zero is at distiUed vatm, aad tkc rnHfaers !»■ ' 
«redB« widi tfaa incntaing Aeaskj. of the H^aors' fi^ vUdi 
kBnsed; wbereaa is fte ioirtrapMRt £» apkU*. tibo «wb- 
bers increase from the zero vib Ae ^^nmiiwt^. deiBM^> 
Hence it is necessary to describe these two instruments 
■ep«ratel[7. - ■■ ■ '..■:.■ A. '^. 

The hydnmrter for saUae Bnidt «^ iitfido hy B«%tm£ 
.iadieftllbwiBf^w(iyi &eiplramagit.itM &rtiiBme»wd 
in water at a temperature of 18.75" Reaum. ^ abMit M^ 
Fahr. and loaded with mercury dropped into the bulb till 
a sunk 8d low that ooly Uk «firy tO|i Of ,&e ctMn vita out 
«f watn-, vhiob pcuM was nadBed fa die 0. of tlie soal*. 
The inatrvramt was then remo¥fad, to a AolotJQn of con- 
liion Hdt, cwbaamg \b parts (by. weigia) cf «^ to 8fi 
p^ts of water, and tlie h«i^t i6 wfcick'it floito] ms 
' marked on Ae stem as Ift*^ of the tcidc. Tb* ist«^ 
.betvMn thJBse two powta of immaqooa baiii^ .Aerefoie 
QOMidcted aa IS degree*, the acalb aaa cxteadad to any 
rfiquiced nnsibtr, meraly by maricing c^ with oofaipaaMa 
ao «^al JengA of the stein, mad the whole was br^Hr 
.shbdiridral in the same way, Bc«uol6 cargaAian^-^tass^ 
iare that every d^i^ of the itaatruaafnt indicated a den- 
^ii^ of U^pud equEd tat&At of a a(d«tion of ^Mmknan ul^ 
ia which the ntuiifaer «f parts of «att in I^ pattSj by 
wxig^t of tha'SblutBg;!) *a* opxl t» lln wmentUiba- (Ml 
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the scale at wbidi Ae i^ttlime&t floated. But as the 
diameter ot the st^m n adldoia^tiQal^teitgilKMil; he pro- 
poeesi to nniedy t^0 indoirectDem pniduced bjrtbia'cir- 
cnmstance, frhere greater ^ccnracj iA irsqairpd, b; im- 
meraing die instnimeat soc^essirely in 3olatienB contain- - 
ing 5, 10, 15, &c per cent, of salt, and marking these 
points as 5, 10, 15, Sec on ^e scale,. o{*, to be BtiH more 
accu^te, all the indiridnal degrees may be found by 
actual experim«it. Tn fact, eyen where the stem of the 
instrument is perfectly cylindrical, this would be the only- 
way to' AUBure perfect accuracy, as a division of equal 
distances on die scale woffld not precisely correspond 
with au equal increase of tjbe per centage of salt in the 
solution. 

The scale of this instrument does not properly extend 
higher ^mi^ st^Q^i 39°. fm iii^ is Ijie p^nit of .^ataiati^n of 
ff^er jn^ mI*. feirt it PWy ^ i«PgtbBpfid at pl^asur? by 
bj B Myk m rg log'ieqml di^t^tces o» the scalp. 
: Tk» f^lloiwiog table of correspondence bfitveQn 
■S^QSi^'ji bf t^metw f«c Mlts and the *c^wl e%!fiw»w 
pi^tf^Cigmv^ has bfiw edouteted by Mx- Nich^Jspn, 
(5?Jf W,e»y Jbind degree (Phil. Joora. 4to. tbJ* I. page 8&*) 
f^o^ tb^. datvOi of Jtorr^ui' that the Qfilh .degrw cm>- 
y^spfiSds s^ 1.84B *pec^c grafty. -■-■' 

BEAUME-S HYDHOMETER FOR SALTS, 
at a tefflperatnre of 55' Fahr. at a temperature of 65" Fahr. 
Beaumi. Nichohon. '" ' ■>■ > - > 

lizSp. dr. 1.000 



M 
15 

.9 1^ 



Beaami. Xlcholioa. 

10r:Sp. Gr. 
12 1.069 
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.Ifydronuter. 



BEAUir^ HYDBOHBTHB EWl BAITS CONTINUED. 



atatempeiataie of 56° Fahr. 

&i=8p. dr. i.aoe 



31 
33 



1.261 

1.295 



1.373 



at atanperatnrebf 96" Ftiu. 
Beaumi. NitMton. 

40=:E;p. Gr. 
41 
42 1.414 



54 

57 



1.455 
l.SOO 
1.547 
l.Sfi7 
1.659 
1.717 
1.779 
1.848 
1.920 
S.O0O 



HYDROMETER for Spirit, (BeadthC.)— The hy- 
drometer of Beaiuu6 for spirit is constructed exactly 
on the same principle as the hydrometer for salts, and the 
mode of gradoatioD is also the same, that is, by a solution 
of salt, and not by mixtures of alcohol and water of dif- 
ferent denaitiee. In this hydrometer the zero is placed 
not at the prant to -which the stem sinks in distUled 
wat», but at the point to which it falls in a mixture of 
10 parts of salt and 90 of water. The internal between 
this point and that of distilled water is marked on the 
scale as 10 degrees, and this scale is continued upwards 
on the stem simply by measuring equal portions by the 
compasses. The 10th degree of the spirit hydrometer 
corresponds widi the 0. of the salt hydrometer, and it 
is certainly a defect that the ingenious inventor should 
hare introduced diis deviation from what is obviously the 
natural zero in each scale, namely, the point of immersifm 
in distilled water ; since it was as easy to obtain a mea- 
sore for 10 degres of the scale of the sphit hydr<«ieter 
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by beginna^f the notetioa 10 degrees below zero as at 
this point. 

Tbe.ocnrrespondeDce between Beaiun^s spint hyiirome- 
ter and the real expression of specific gravity has also been 
adculated by Ur. Nicholson, and on the following data : 
vis. Beaomfi found that spirit of wine of .812 specific 
gravi^ at 82" Fahr. gare 97 degrees of his hydrometer; 
and ihat a mixturo of two parts, by weight of tins spirit 

' with SO of water, gave 12 degrees of the hydrometer at 
the same temperature. This mixture is found by Gilpin^ 

' tables to be =: 9815 specific gravity at this temperature, 
and these terms, viz. .8^ and .9915 become .832 and 
.9905 at 55" Fahr. or 10, Reaum. the standard tempe- 
rature of die ^^aduatiMi of these instruments. 





BB4CK6'S mrDROMETEK FOR SFIBIT. 




at a tempeialare of SS" Fahr. 




Beaumi. 


Xicliolioa. 


BeauiBi. 


NichohoH. 


10=Sp 


Gr. 1.0000 


25=ap. 


Gr, 


.897 


U 


.090 


26 




.892 


12 


.985 


27 




.886 


13 


.977 


28 




.880 


14 


.970 


29 




.874 


IS 


.963 


29} 






16 


.956 


30 




.871 


m 




31 




.867 


17 


.949 


32 




.856 


18 


.942 


33 




.852 


19 


.936 


34 




.847 


m 




35 




.842 


20 


.928 


36 




.837 


21 


.922 


37 




.832 


22 


.915 


38 




.827 


23 


.909 


39 




.822 


24 


.903 


40 




.817 



HYDROMETER ior Bebb and MAlt-Wort.— See 
Sacoharoheteb. 
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130 Ifydnmefec 

HYBAOilfiTBR n>K Spuitmm- LutoaM, (Qxus^f.) 
— By the excise laws at pretient exiatm^ in thft oeyatrjr, 
-As TBiHeaB ^^freea o£ stttrnglk o£ bran^ 'rnin,-imack, 
-gtB, wkkkcj) an^ oAieE Bpititamm Uqaewi cUe^- coU- 
:|nMd flf Utfleelw Aai ^int of iriner»nB ^dtdntitted fay 
Aiet qaatatity ' of -alcvlid (if e|gh«n kpmd&c ^nvAy on- 
;tiiafld ill. Am tipintiiDaiit tiqaoeof a ra^^wBcdii^uu'ipi 
rtDWj^ Tbfi^nalpidilicjiiipbrtance ofdusEAdt^btin 
dU8 ooniitrf , wbece ^ consunptiOB of uparitoiU'liqaon 
it^U^ a TfEit anm to the poUic Bevenoe, ktis i^eeii the meus 
,of.iiutkvitiBgi biaajt y«ry qtteceati^g terieeof ekpciaaeiits 
<«ft-tbb Jiiihj6«t.. Vhe bydrdstatio iistnuBoit nud i&r 
Jiifi pui^eBebf &a Ottttons toAd «fflcers df £he' Bxietiw, 
is called SyktaiE: ifdimaeiet,' '{Qaorge lU. c xxtiii, 
May 1818. — " An Act for establisbing the use of Sykee's 
hydrometer id asoertahung die strength of spirit," which 
bM now supCMeded the instpiAeut ctdled Gleril'e hydro- 
meter, heretofore in use.] 

The specific gravi ty or sfrength of the legal staidard 
spirit of the Exds^ is techjiically called proof, o^ proof 
Bpirit. ** This liqnor (nof being spirit sweetened, or 
having any ingredient dissolved in' it, to defeat the 
strength thereof}, at the tenuperatius of 51° Fafar.weighs 
actually '4|th parts of an equal measure of distilled 
water]" and with t^ spiijt die strength of alj other 
spirituous liquors are compared according to law. 

Th^ strength of brandy, rum, wrack, gin, or other 
spirituous liquors, w«aker tl^an pranf, or below ptoof, is 
estimated by thequantity of water which would be neces- 
sary t9 bring the sp^t up t^ proof. 

It is by no means an easy undertaking to determine 
■ft*? strpBg^l^ *}!■ n^i^y^ yrfps of ipM* ViA mfW9^ for 
commercial purposes. The following ^iHfijfei ffiUit h* 
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eltteUadliribrBttei eurbeiinU (bnai: Aespodfie ^rau 
n»r «4 B oeitHB B nqber iff mixbaKs •£ aitmhdl wd wdw 
moat be taken so near eadi oAer, as that the ioteni{adiBt)| 
spewfie fcwiiilini Mwy ]tf*> pemafitiblif ^ifiiR' ^nn fiibse 
iaiamii ftfrn. the. ni)ip(H(i>Q vf ai msri. loiKtera of tba 
^idtbf tk»siyeancmB vTHnatinsof ipwI^o^gTsiriliirra 
t^Me wikiiire* maet be ^tenuned at difieRiU tempiwii 
tmw ^ubw •awf inatliod ndMt be owMivtd' of detRoii*; 
ibg dm p iw qe «ad' qoanllt;^ of OBtaharine OB^oa^oui 
matter which the spirit may haU m aohitim, and dlt 
efli»c««£MMb aohilini «p&thB tyiaufie gras^} Md l^ly, 
Ae flp«ci4(: gravity of dM fliaiauiBthe ai«Maaie4:%a 
proper floating instrnnoit vith a gindaatad itagi, ee ' sat 
t^ vcightB} or* which iiagr be duM ^^owMiinif, vith 
botb. 

' Tfaeifa«ngtkeflBniid]r»nai(^orava«K'moQiDiiicriteJf 
fite^tMaAjf jw%edbydtepliU,(K^!biiniB^. Ttepbial 
pMof cenusfe m agttaling tiie a^vjl in a-'fuWle, astl akonrnt 
kigtheiforiii'and magnttodeiiof AfebabblMthatoolbotnnma 
t|i« a^^'of dw liquor lanhMtaiBy tetead. iba bnd, vjriok 
an lnKg^o: the stn»i^rdiaspirit Kia DMdlfidiIt«h6iM«n( 
to ^odnee this appeanuuwbf Tarionb oinple additioiifa to 
weafc . spirit.'^ Tbe prbof iy }^iaiaag. i^ fteiy &MaiiiqM(i.j 
bcoanie ^ ou^^nttude o£die flame, apd qiiaidii^ of nd* 
dae, iQtba aansBpiiit, nrj greatly w^.tfao fma of th^ 
▼Miel it u bnrned ui. If tba vessd be bepi oocdt or ^« 
fired to beaoDafl bot, if it be deepqr or aballcnrer, the 
ranlli wUI net ba the aaoui in each caae. It ^mboM 
fbUov, hotrerer, faul that nuatitfiKtaren and purekaseni a£ 
wfhiiB, axf bi msoy inatancea reeeive coHidanbfe hi£«. 
nntion from tbese ngns, in («ciutist»uK8 csfsotly aUu, 

* A ItVeatiM (ffl 4e A4iiltw»tion rf Pood, Bad nwAodt rf defewt- 
iiVtbnB,pa{(tfi49. 
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trad in the conne (rf* operatieM wIntod H wodid be iD" - 
ernivenient to lecnr condnoalljr to ezpnimenlB of ipecifie 
gravity. 

The fanportanoe of this <^cct, as w^ for Ax purposes 
of reroDne as of commeree, induced the British gorem- 
ment to employ Sir Charles Kagden to inatitaO a -very 
nmiTite and accuiete aeriea of «xperimeiita. These may 
he considered as fondamental resnlte ; for which reaam, 
we shall give a sinnmary of tbno in this plaee, &oin the 
Philosophical Transadions for 1790. 
, The first object to which the experimoits were directed 
was to ascertain the quantity and law resulting from the 
aaatual penetration of water and spirit. 

All bodies in general eqtand by heat; but tbe qnaitti^ 
of this expansion, as well as the law of its progression, is 
probably not the same in any two substance*. In water 
uid spirit they are reniarkably different. The wht^ ex- 
pansion of pure spuit frora 30° to 100° of FahreBbett** 
thermometer is not less tbui l-35th of its whole bulk at 
80^j whereas that of water, in dw same interval, is only 
l-149tb of its bulk. The laws of their expaasirai are 
still more different Uian tbe quantities. If the expansioB 
of quichsOTer be, as usaal, tafceu from the standard, (our 
thermtHuetere being constructed wiUi that flui^, die ex- 
pansion of spirit is, indeed, pn^renively iucreasmg wMk 
respect to that standard, but not much so within the above- 
mentiooed intenal ; while water kept from frfeezing to 
M*, which Du^ easily be done, will absolutely contract 
as it is heated for ten or more degrees, that w,4ii^ffr 42* 
of ihe thermomi4er, and will Uien begin to expand as its 
heat is augmented,' at first sloiriy, and afterwards gra> 
dually more rapidly, so as to obserre upon tbe whole a 
very increasing progresaioB, Now, mixtures of these two 
substances will, as may be Buppoeed„approach to die less 
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or the greater of tliese progressions, according as they are 
compoanded of more spirit or more water, while their total 
expansioD will be greater, according as more spirit enters 
into their composition ; but the exact quantity of the ex- 
pansion, as well as law of the progression, in all of them, 
can bedetennined only by trials. These were, therefto^ 
the two other principal object to be ascertained by expe^ 
riment. The person engaged to make these experiments 
was Dr. Dollfusa; as he could not conveniently get the 
quantity of spirit he wanted lighter dum 825, at 60° Fahr. 
he fixed upon this strength as the standard for alcohol. 

These experiments of Dr. Dollfnss were repeated by Mr. 
Gilpin, of the Royal Society ; and as the deductions in 
this account will be taken chiefly from that last set of ex- 
periueuts, it is proper here to describe minutely the 
method observed by Mr. Gilpin in his operation. This 
naturally resolves itself into two parts : the way of making 
the mixtures, and the way of ascertaining their specific 
gravity. 

1. The mixtures were made by weight, as the only 
accurate method of fixing the proportions. In fluids of 
such very unequal expansions by beat, as water and al- 
cohol, if measures had been employed, increasing or de- 
creasing in regular proportions to each other, the propor- 
tions of the masses would have been aensiUy irregular : 
now the latter was the object in view, namely, to deter- 
mine the real quantity of spirit in any given mixture, 
abstracting the consideration of its temperature. Besides, 
if the proportions had been taken by measure, a different 
mixture should have been made at ev^y diflerent degree 
of heat. But the principal consideration was, that with a 
very-nice balance, such as was employed on this occasion, 
•quantities can be determined to much greater exactness 
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174 -^dromet^. 

by «eig;1it tlitm by wiy practiehble Wdy of meuttr^tMnt: 
The propoirtimis 'vere fberefore iilwByi 4^«B VftraigiA; 
A Iptijal'bdn^ i^otidfid tff«tt!b-&-iizs «s'lA)« ft %W^6» 
TteaAy Ml wffii^e nixtare, ina Inade pctfecHy cl«M 
md dry, ftnd being' cetinterpoued, as modi df iIk pure 
a{tMt as flpp^ir^ tiecessny was poured fntb it. TUl 
Weight of lAisvpiHtw^ flien MceHBiifed, utdifie weiglit 
6f AteAHied -maet requii^ to nalce a nrbEture of -the in- 
teaded proportloin -Wta «^ratsted. Tlih qnantity of 
water was A«a -added, widi tdl the ueceasaiy c«re,tlie'ltiA 
poltioDs befaig ptrt hi by taoans of a w^-known iaatni- 
ment, wbtdi 4r C(flDpc«i!d 'of "a maXl fflih fennmating- in a 
tabe dravn to & flue point: 'Ae top of the drah befng 
c6*srfed ' with dre Uniinb,'dieif({aor init is preventdS "ftom 
i^nhig'out tbrtfngli the tohe by-the pressure lX the 
a tiri o splrere.birt' instaiitly be^nsto issue liy drops, dr % 
Vwyisinall stream, upon rsisJng?'(he4hturib, WaterlwJng 
thus Introduced into the pbfa],^l itexatHly counterpoised 
the weight, which having been previously computed, 'inli 
put into the 'Opposite ' 8«de, die phial was -Shaken, - and 
then welt stopped wiib ib glass Mopple,-oTerwUch 1^- 
Ihtr WasHied vefy'ti^lrt, to prevent e-raporation. No 
aiixttil^ washed tfll'it-bad'i^maintid in Ae j^Aal at'lea^ 
&)UodtIi,'for'flie^m'p^tietfEldDn^o1iaTe1i&en liJaee; and 
and'lt was'tfwAyfr'W^l'6fatA:en'b^orelt^waBpoiired-out 
to have tefftpBtflBc-grarity tried. 

' 'S.'^heteatrfltVTocommosm^th^bfy^higthe^cffic 
gravity ofltiias ; Dtie,-by 'aftBteg (he 'Weight'»*(Kfti'a 
eolid bddylaees by beingimmettM "in 'tirem ; ^he »Hher, 
by^ filling a <;(nn'eniebi vessel, (me specific ^fravity-bdftl^, 
whh ifa^m,iaud ascertaibing the increase of 'weight it ac- 
iiulres. In both ca^ei a standard most ^have been pre- 
viously taken, whith is' nsnirHy- ^stiHed ' water ; namdy, 
in the first meAod, by finding the wei^t lost by the solid 
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hffAy in l!he wafen an'<T ih IKe &H:oba tadtliod, tbe Weigitt 
(^ lAfe Tesiel fitted ^A 'wtA^. The hitter Was prefefr^, 
f6r the fbllowing reasons :-i . .' ' 

When' a bftll «f ^tes, wfiiili fa ^e priitpeteat kiAd «f 
lioKd boi^, is werglt«d in sny-.iittinttioitt or watery fluM, 
the '^^(Ihe^on . 'of tb« Waid oi-cosicHifl Wdfe m&eeuni(^, and 
reOd^A Hiie'bali&ce c6miiaraiffTety ^dg^h. To Vhat 
deg'i^etias efi^t pt^dte&'fa ^eertaht^ btit fromboAe 
experinftnfa ttriAe bj Mr. €Klpio wHh fliW vfew, ft ap- 
pears to bo very eensible. MoreovA-, in Afa betliod • 
Itu^ge surfaidenitiM Hb ex'pb^^ to' the aTr"ddHAg tbe (de- 
ration of Wefgl^g:, *frUcb, 'e8p«daBy b tte ibigber tem- 
peratores, 'woald ^Ve dccfUn^'to stiiAi' tba evaporatkm tts 
to alter ess^ti^ ^e'sg^g^ bn^e'iiiiJitiStfe. Itseetiied 
also as ifthe'te^jfi^rattrKJ 6f flie'ifiiiid anAerfttU coidd be 
deteriiuned mcnre exacfl^ lD%d metUbd'of AlBbg a veBsel 
than ih t!i« otfiet : %fr'f He 'flbid caniiSt wtfH' be gtifred 
while the ball to be "wei^b^ ^rftn^fts iUitti^Wd in it ;"itai 
as sbme'tjbie must neci^iisanljr be spent in WeiVei^bfaiig', 
ihe chohgeof Heat which' takes j>Iaic« diMng tbaitpfJifod 
win be imequiS tBifOu^ '^'HiaA, 'and 'mi-f iScctisidnt 
senaible' error. It k tnie, on ^e otl^ bkhd, Aaflti'iaife 
method 'of fiHin'g 'a Tesselithe temperature could "not lib 
ascertained wifh Ae ntmmt ^red£i(m,'Be)>aufl6 'the neck 
of the vessel en^loyed, tontdiifai^g ^Inm^'t^n gMus,#ks 
fiiletf ijp'tb'flie'ifnark M^ ipirit riot exattly'df the'swn* 
fempwt^e,' 'is will be 'tii^|JMtie<I pr^'etlfly : but'thib vrMr, 
H is'stipp'osed,' would iy no UiNins feqiial tbe dflier, ^Ad 
the-iitmbst quantity 'of it may be'^iitiated Veiy 'nearly*. 
HiiallJr, it Vas much tmler'tb 'Mittg'^e'^teid to aby 
given temp^ture''^lien itVte in'a vessel (olteiret^hed, 
than when it was to'Tirtve -a solid body W^i^hed in it; 
because in the fbrmer''caBe^'e quantity wtas smedterj and 
^ vessel bbntainitig 'It'moife 'OULiiag^aMe; being "readily 
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iieated with the hand or wann water, and cooled with 
cold water : and the very circumstance, that so much of 
the fluid was not required, proved a material coOTenieoce. 
The particular disadyantage in the method of weighing 
in a vessel, is the difficulty of filling it with extreme ac> 
curacy ; but when the vessel is jadicioosly and neatly 
marked, the error of filling will, with due care, be exceed- 
ingly minute. By several repetitions of the same experi- 
ments, Mr. Gilpin seemed to bring it widiin the 1-lJSOOOdi 
part of the whole weight. 

The abore-mentioned consideration induced Dr. Blag- 
den, as well <fi the gentlemen em^oyed in (he experi- 
ments, to give the preference to weighing the fluid itself; 
and that was accordingly die mediod practised both by 
Dr. Dollfiisa and Mr. Gilpin in their operations. 

The vessel chosen as most convenient for die purpose 
was a hollow glass ball, terminating in a neck of small 
bore. That which Dr. Dolltuss used held 5800 grains 
of distilled water ; but as the balance was so extremely 
accurate, it was thought expedient, upon Mr. Gilpin's 
repetition of the experiments, to use one of only 2065 
grains capacity, as admitting the heat of any fluid con- 
tained in it to be more nicely determined. The ball of 
this vessel, which may be called the weighing bottle, 
measured about 2.8 inches in diameter, and was spheri- 
cal, except a 8%ht flattening oa the part opposite to the 
neck, which served as a bottom for it to stand upon. Iti 
neck was formed of a portion of a barometer tube, .3$ 
of an inch in bore, and about I{ inch long; it was per. 
fectly cylindrical, and, on its outside, very near the mid- 
dle of its length, a fine circle or ring was cut round it 
with a diamond, as the mark to which it was to be filled 
wilii the liqour. This mark was made by fixii^ the 
bottle in a lathe, and turning it rouud with great care, in 
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contact wifh the 4ww»d, The glaw ofthia bottl« wu 
not T^ tlitck ; it wei^^ed 916 grainy and irith tts sflra- 
cap986. 

When tfie specific gravity of any liqnpr w&g to be taken 
by means of this bottle, the liquor was first brought nearly 
to the required temperature, and the bpttle was 6IIed with 
it 1^ to ^ beginning of the neck only, that there might 
1^ room for sbakiqg it A very fine and sensible thermo- 
mater was Aea passed through the neck of the bottle into 
the contained liquori which showed whether it was above 
cv be|ow the intended temperature. In the ftamer case 
the botde was brought into colder air, or even plunged 
for a niMuent into cold water; the thermometer in the 
jfitan time be^g frequendy put into the contained liquor^ 
'till U was found to sink to the right point. In like manner, 
when t}ie liquor wa» too cold, the bottle was brought into 
warm^ air, immersed in warm water, or more commonly 
h^d between the hands, till upon repeated trials with the 
thcnuometer the just temperature was found. It will be 
ijmderatood, that during the course of this heating or cobl- 
^, the bottle was very IrequeBtly shaken between each 
immersion of the thermcHueter ; and the top of the neck 
was covered, eithw. with the finger, or a silver cap made 
W (f^rpose, as oonstw^y as possible. Hot water was 
used to raise the temperature only in heats of 60° and 
^p^racds, inferior heata bemg ol^tained by applying the 
ftands to the botUe : when the hot water was employed, 
the ball of the bottle was plunged into it, and again 
gnickly.lifted out, with the necessary shaking inta-posed, 
as often as was necessary for communicating the required 
heat to the liquw; but ca^ was taken to wipe the bottle 
dry after each immermon, before it was shaken, lest any . 
adbeiing moisture might by accident ge^. into it. The 
lienor baring by these i%ean» if*^ Inrouf^t to the desired 
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tempenifure ; th^ n^xt operatioA waa to fill up die bottltf 
exactly to the mark upon the neck^ which was done with 
some of the same liquor, by means of a glass funnel with 
a very small bore. Mr. Gilpin endeaTonred to get that 
portion of the liquor which was employed for this purpose^ 
pretty nearly to the temperature of the liquor contained 
ID the bottle ; but as the whole quantity to be added nerer 
exceeded ten grains, a difference of ten degrees in the 
heat of that small quantity, which is more than it ever 
amounted to, would hare occasioned an error of only 
1-30tfa of a degtee in the temperature of the mass. 
Enough of the liquAr wfls put in to fill the neck rather 
ahore the mark, and the superfluous quantity was then 
absorbed to great nicety, by bringing into contact with it 
the fine point of a small roll of blotting pdper. As the 
surface of the liquor in the neck would be always concare, 
the bottom or centre of this Concavi^ was the part made 
to coincide with the mark round theglass f and in viewing 
it care was taken, that the near and opposite sides of the 
mark should appear exactly in the same line, by which 
means all parallax was avoided. A silver cap, wfaidi 
fitted tight, was then put upon ^e neck, to prevent evapo- 
ration ; and the whole apparatus was in that state laid in 
the scale of the balance, to be weighed with' all the exact- 
ness possible. 

The spnit employed by Mr. Gilpin was furnished to 
him by Dr. Dollfuss, under whose inspection it had been 
rectified from mm srpplied by government. Its specific 
gravity, at 60 degrees of heat, was 62514. It was first 
weighed pure, in the above-mentioned bottle, at every five 
degrees of heat, from 30 to 100 iivclusively. Then 
mixtures were formed of it, and distilled water, in every 
proportion, from l-SOth of the water Ur equal parts of 
water and spirit; the quantity of water added being sue- 
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cflidrely augmented, in the propcntion of five graiiu to 
one hundred of the spirit ; and these mixtures were also 
weighed in the bottle, like the pure spirit, at every fire 
d^ees of heat. The numbers hence resulting' are de^ 
lirered in the following table ; where the 6rst column 
shows the degrees of heat ; the Second gives the weight 
of the pure spirit contained in the bottle at those different 
degrees ; the third gives the weight of a mixture in dke 
proportionB of 100 parts by weight of that spirit to 5 of 
water, and so on successively till the water is to die spuit 
as 100 to 5. They are the mean of three several experi- 
ments at least, as Mr. Gilpin always filled and weighed 
the bottle over again that number of times, if not oftener. 
The heat was taken at the even degree, aa shown by the 
thermometer, without any allowitnce in the first instance, 
because the coincidence of the mercury with a division 
can be perceived more accurately than any fraction can 
be estimated; and the errors of the thermometers, if any, 
it was supposed would be less upon the grand divisions of 
5 degrees than in any others. It must be observed, that 
Mr. Gilpin used the same mixture throughout all the 
different temperatures, heating it up from SC* to 100° ; 
hence some small error in its strength may have been 
occasioned in the higher degrees, by more spirit evaporat- 
ing than water : but this, it is believed, must have been 
trifling, and greater inconvenience would probably have 
resulted from interposing a fresh mixture. 

The precise specific gravity of the pure spirit employed 
was .82514; but to avoid an inconvenient traction, it is 
taken, in constructing the table of specific gravities, aa 
,835 only, a proportional deduction being made from all 
the other numbers. Thus the following table gives the 
true specific gravity, at the different degrees of heat, 
of a pure rectified spirit, the specific gravi^ of wbidi 
M 2 
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, From these tubles, when the specific grayity of any. gppi- 
t^us liquor is aacertained, it wQI be easy to find the qiutn- 
titf of rectified Gpirit of the above mentioned standard* 
contained in any given quantity of it, «ther by we^ht or 



Dr. Blagden concludes this part of the report with 
observing, that as the experiments were made irith pure 
^lirit ftnd i«ater, if any eztxaaeoui subst^ces are contained 



DcmizedbvGoOglc 



182 



^drotmler. 



m the liquor to be tried, the specific gnvity in the tabtM 
vill not give exactly the proportions of water and spirit 
in it. The substauces likely to be found in spiritnoiis 
liquCTS, where no fraad is Bospected, are eeeential oils, 
eontetinies empyreumatic, mucilaginoiu or extract matter, 
and perhaps some saccharine matter. The effect of these, 
in the conrse of trade, seems to be hardly such as would 
be worth the cognizance of the excise, nor could it easily 
^ bd reduced to certain rules. Essential and empyreumatic 
oils are nearly of the same specific gravity as spirit, in 
genera] rather lighter, and therefore, notwithstanding the 
mutual penetration, will probably make little change in 
the specific gravity of any spirituous liquor in which they 
are dissolved. The other substances are all heavier than 
spirit; hence they will make spirituous liquors appear 
less strong than they really are. 

The following table drawn up by Dr. Thomson, ex- 
hibits the specific gravity at every degree of temperature 
from SO" to 80" of a mixture of 100 parte of Gilpin's 
standard alcohol, and 65.6486 parte of water by weight. 
This mixture constitutes spirite 8 per cent, above proof, 
according to the language of Sykes's hydrometer, or 1 to 
10 above proof by Clarke's hydrometer. 



rm 


Sp. 6r. 


T..p. 


Sp. (ir. 


T™p 


Sp.G,. »mp. 


afnn: 


80" 
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HYDROMETER fob Spivt, (Si!OUii*s),^Thw in- 
«tniment pomessea quite sufficient accuracy for all com- 
mon, practical purposes, it is cheap, and fif very fiasf 
applicatipD, it requires the aflBistance peither of a liook 
jof tables, of a slidipg rule, nor of we^^hts^ By means 
of it the value pf a given spirituous liquor may be as- 
certained to one-fourth of a degree above or below 
proof; and hence it ia of great service to those dealers 
in spjxituous liquors who either object to the cost of 
Sjkes's instrument, or who feel ^barrassed in njaking 
the calcylatioDs requined for the correct employment 
j>f it. 

The instrument (consists of aspherical glass ball, with a 
short tube at the bottg^, connected with a smaller bu^b 
jn which ia cootaioed quicksilver ^^quisite fo bring ^e 
instrument to its real weight so as to correspond with tba 
scale. The stem is about seven inches long, and contains 
a double scale, one coloured, the other white or plain. 
These scales are drawn on paper, which b introduced into 
the hollow of the stem, and being fixed by means of 
cement at the lower end, is afterwards prevented from 
derangement or injury by hermetically sealing the m<v;tth 
of the stem. The plain scale of the hydrometer shows 
the per-centage of spirit above or below proof, and can 
be estended, if required ;(upwaTd) to 70 per cent, over . 
proof, or (downward) to water. The thermometer is 
divided into IS degrees more or less, end each division 
subdivided into halves and quarters, copipated from zero 
or upward, and from the same point downward, to the 
extent of the tube. . The words * gdd,' below zero, and 
■ tubstract ' above the same, show the number of degrees 
to be added to, or substracted from the line of indication 
op the coloui^ scale of Uie hydrometer ; such numbeor 
being the variation of ths temperature from the point z«ro, 
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- To'm«Uifsiii8trubent,fflrR glass cyilitidcTneBrljwidi 
'the epdrit wiiich'ts to'be tri^fl, and immeree the hydrometer 
Oier^in to die d^pth of i&e ball ; sitff^ 'k then to aiA. 

' bbdl it 'finds its restiiig pbfnt When flie'instroment be- 
. ''comes 8tatibnaiy,o1)8erveirhiU'ntimber of degrees iOmIc^ 

' on ihe coloured part of the scale vithtn the Btem'correS' 
pondi with the siirface of the spirit — silp^Kise it be STj ; 
place this nomber on a slip of paper; Ibis done, die 
hydrometer in to be takeb ont, and the thermometer dipped 
into the spirit, in order to ascertun the temperature of die 
latteTi Observe noir the point or degree at which the 
qnicVsUver setdes—s^ppose it to be 2^belou> zero or 0; 
place this number down also on the slip of paper n&der 

ST| 
die 37), and add them' t<)gether thiis : 3f, making- a siim 

of SOJ-. Look, in the next place, for io^ on the coloured 
"scale, in a line with which, on the white br' plain scale, 
' will be found 18.S. This last nnmber is die per-centage 
above proof of the spirit, and corresponds exaddy widt 
what woidd be detei'mined by Sykes's hydrometer. 

'Batsnppose, secondly, the resting point of the bydro-. 
meter and cbiresponding sivniCe of the'spirit be 22.0 on 
the coloured scale, and on' the bydr<mieteT being agtdn 
' drawn and the thermometer inimersed, thkt the qnicksilrer 
in die latter dionld stand at 3) above 0, place these two 
numbers down as before, and substratt the lower fnnn 

22.0 
°lbe upper, ibva : 2{, the number remaining' indicates 

m 

%• strength of the spirit; which at l9}, as in HHm 
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liydroBWter. 

Thirdly, mpptwe Ae indicstioB at amfaee munbnr t^ 
degrees tm the coloured scale, wh«n the hydrometer i« at 
its gnbsiding point, to be Ul» i»d the qnioksHrer in the 
' tbemutmeter (on its Habeeqaeot muttenioii) to settle, at 0; 
it being obvioui here that there is oo Dumber either to 
add or to eubstraot, a referenee:to the white or. phdn scale 
idone will be soffldent. The .per-centage or streogA' of 
die spirit wiU, ra this owe, be radiated by that Bvinber of 
' d^rees wi the ^ain scale which stBnds lerel with the 
surface of Ae spirit ; ai»d die streogdi of the latter wiU, 
is An example, be found to be 10 per cent, trader prooK 

HYDROUE?FRlCAL BBADS.— See Aiaoiirrtiou. 
BsABe, page 49. 

ItYBROSTATIC FUNNEL.— See page 123. 

HYDROSTATIC BALANCE. — See BiUMos, 
page 46. 

HYOROMEITEB, <SADflsi7RB*8.>-^AD mstrum^t to 
ni«ibare die degrees of dryness or motstme of theatmo- 
iS|(lh^e. There are diTere ■sorts of hygrometers ;' for 
'whatever body either swells or shrinlcB, by dryness or 
tnoistare, is capable of being formed into an hygrometer. 
' Snch are woods of most kinds, such also is catgut, the 
"beard bf a wild 'oiat, kc. Hygrometers acting on other 
' ptittdples have been contrived, by Leslie, Wilson, end 
l>anibll, as will be shown presently. 

All'bodles that'sre susceptible of imbibing water have 
' a greMiT or less disposition to unite thems^Tes wiA>diat 
'fluid, by tfae'e'fibct of an attractioB afmilar to cfaeniieal 
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affinity. If w« pian^ into water sevend'of Ae»fl bodiet, 

Bucb aa wood, a sponge, paper, &c. they will a^ropritfe 
to diemeWe* a qnantity of that liquid, which will rPXf 
with the bodies respectively; and, aa in proportii^ as 
tb^ tend towards the point of saturation, tbeir affinity 
for the water ctntinues to diminiiA, wbw those wbicti 
have most powerfully attracted the water, have arrived at 
the point, where their attractive force is foond sole^ 
equal to that of the body, which acted most feebly upw 
the same liquid, tfaere will be establi^ed a ^tecies «f 
equflibrinm between aU those bodies, in such miuiBert 
that at AiB term the babibihg will be stopped. If there 
he brought into contact two wetted or sofdied bodies, 
whose affinities for water are not in equilibrio ; that whose 
affinity is the weakest, will yield c^ its fluid to the other, 
until the equilibrium is established ; au^ itjs in .this dis- 
position of a body to moisten anodier body that touches 
it, that what is called humidity properly consists. Of all 
bodies, the air is that of which we are most interested to 
know the differ«nt d^^es of humidity, and it is also 
towards the means of procuring this knowledge, that 
pfailosophers have principally directed their researches; 
and hence the various kinds of inslmmHits that have been 
contrived to measure the dryness of the air. A multi- 
tude of bodies are known, in which the humidi^, in pn»- 
portion as it augments or diminishes, occasions divers 
. degrees of dilatation or of contractiou, according as the 
body is indined to one or other of these e£fecls, by reason 
-of its organization, of its texture, or of the dispontion of 
the fibres of which it is the assembl^Fe. For example, 
water, by introducing itself within eord8,mak^8 the fil/res 
twist and become situated oblitjuely, produces hetaveen 
those fibres such a separation, as causes the cord to 
thicken or swell, and, by a neceaeaiy conaequenoe, to 
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aliorteii. The twisted threads, of wlndi clotlw are &bri- 
cated, may be considered as small cords, which expe- 
rience, in like manner, a contraction b^ the acdon of 
humidity; whence it happens, that dodis, especially 
when wetted for the 6rst time, contract in the two direc- 
tions of their intersecting threads ; paper, on the contrary, 
wbich is only an assemblage of filaments very thin, very 
short, and disposed irregularly in all dtrecti<His, lengthens 
in alt Ae dimensions of its surface, in proportion as the 
water, by insinuating itself between the intervals of those 
filaments, acts by placing them further asunder, proceed- 
ing from the middle towards the edges. Hence different 
bodies have been employed succesdrely in the construc- 
tion of hygrometers, chosen from among those in which 
moistnre produces the most sensible motions. Philoso- 
phers have sought also to measore the humidity of the 
air by the augmentation of weight undergone by certain 
substances, such as a tuft of wool, or portions of salt, by 
absorlMng the water contained in the air. But, besides 
that these methods t»e in themselves very imp^^ect, 
the bodies employed were subject to alterations whidh 
would make them lose their bygrometric quality more or 
less promptly; they had,-tberefore, the double inconve- 
nience oS being inaccurate, and not of long service. — 
To deduce fnmi hygrometry real advantages, the instru- 
ment must be pint in a state of rivalry with the thenno- 
meter, by presenting a series of exact observations, such 
as may be comparable under different circumstances. The 
celebrated Saussure, to whom we are indebted for a very 
estimablework on hygrometry, has attained theaccomplidi- 
mebt of this object by a process of which we shall attempt 
to give some idea. The principal piece in his hygrometer 
is 8 hsir, which Saussure first causes to undergo a prepara- 
tion, the design t^ which is to divest it (^ a kind of oiliness 



DcmizedbvGoOglc 



■ ^■' ^mfnf. I ^".^ w" ■ 

fr4»Hi'fteift«*Wp.flfibp»>«iity* This.pr^pftratipn^^aiie at 
the^wipe i^ffp-wpop a.ceii^in flumber of |}ws /pn|)iiig.fl 
tafil, '.die 4hick(ies8 of ^wbicb .OAed ipQt , ejtc^ed . tW pf » 
jipnting ,pe>)> ^ CMitaiiieil in a^pe,cj<^ nenriiig ,theio 
^^K<fwe. The,lNHlB UtBBt^TeLfs^are.fDUQen^ in-a 

infAriyi^.liiDwlr«)thipart<i9f -itB ^gl^t of i^il^^afe of soda, 
<tbkj¥a^:is>puuie|to)>^Ii?early.tiuir^.,iiff^t€s. ,T{iehaii;s 
4Wetlk«f^pa«^'tliToi^vtwo yesaci&ofjuve TfiUer, wfaUe 
.4i«y)#re .boiU^;-Aft0^ac^ they are 4ra^ from their 
jimpp^^i^Dd; ^[«)atfd;> t^^ thsy. vB.Bmff>ea4^, to diy 
^;tbei«)r ; e^W wlw^Aere fmly. rep«iQB to w«ke, chpiiie 
;0f Ijhe^ wliAflh aiefJie ^ea9^t,|Kfft^inostbi^liaBt,w4 
jBOrt transparrait. Itigknown^iatlium^ditylwgtbw^t^ 
;bair,-Bad Ihatljie process of drying shOTteoB it. To XttoiiiKt 
tbeth thete efiecte store perc«p^le, Sausavre «ttai}h^ o^e 
-«f jtbe two eads of tke, bair to,a fixed pamt» .apd^ejotber 
(to the circumference of asqoyeable cylinder, that ^ais^g 
.Atmeof its extreautiee a lig)it Index or ha^d. TbelMVi* 
lb beundby aeounter-weigbt.ef about Uuree^graiiis, sos- 
'.'foidBd by a.'ddicate. ailk, vhicbt^is ^ed -in a o»atrary 
-ncay about the aaqacL cylinder. In propi^r^n as die btpr 
- leDfrdNOB or sbctrtens, it cau^ the cylinder to bvu ip one 
■or the other direeti(Mi«.aod by aBefi^sfn^ omiBeque^ce, 
-ithe Utde index- turns lihemise, die. mcttions. of which are 
.meamred on the dn^mfercnce of a, gcadottfed.ciri^e, 
;isboutrwhidi the index performs- its, reT^ution as in com- 
-.-moB clocks. In this nirana a very qnidl variation iQ the 
■ Ungd) of the hair becomes peieeptible, by the i|ii)ch,iiuH« 
t oflBsiderable motion .th^it occBHOOB.iaihef^xtn^^.fif 
"the index; and it. will be, easily conceived, that; oi^ia] 
-:degi;ees of expsnsioBi'.tffit^.contrwitton.ja.tbe, twir,:9ii- 
1 .fegr the..9iEtn)miity of .the 
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idnn^; To ghe to &6 sdale mUAi a basis as m6j eflttb^A 
a relatiori betveen afl ihe bygrometera tbttt are eomtfutted 
npoti tUe iame jirfaidptes, Saranm^ asMmea tiro fit(4 
tetvOa, oUe of vVidt ia die extreme of fautoiditj, add A* 
otbef that of dryncsa : he determines the first by {llacttt^ 
the hygrometer under a glass receirer, lite Thole intieriW 
surface of which he had completely moistened irldi trater; 
the air beidg^ saturated by thia water, acts by its hutnidHy 
upoti th& hair to leng^en it. He moistened anew tht ifr- 
terior of the receiver, as often as it was neceeaary ; and ISib 
. knew that the term of extreme humidity was attained, when, 
by a longer continuance under the receive*-, rte hair 
ceased to extetad itself. To obtdin the contrary Iknlt itff 
extreme dryness, die same philosopher made use of a htrt 
and well-drred receiver, under which be induded the 
liygTometer, widi a piece of iron plate, Kfc^wise heatefl 
and covered with a caustic alkali. This salt, byexercisif^ 
its absorbent fiundty upon the remahiing humidity in tbe 
surrounding air, causes the hair to contMct until It 
has attained tbe ultimate limit of its contraction. The 
scale of the instrument is divided Into liundred d^;rees. 
The zero indicates the limit of extreme dryaess, and the 
number one hundred that of extreme humidity. The 
efiects of moisture and of dryness upon the hair, are 
modified by diose of heat, which act' upon it, sometimes in 
the same sense, and sofnetimes in a contrary one ; so that, 
if it be supposed, for example, that the air is heated about 
the hygrometer, on one part, this air, whose dissolving 
power with regard to the water will be augmented, will 
take away from the hair a portion of the water which it 
had imbibed, thus tending to shorten the hair ; while, on 
the other part, the heat, by penetrating it, will tend, 
though much more feebly, to lengthen it; and hence ^ 
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tbe total effect will be found to consist of two ptrtial 
aiid contrary effects, the' one hygrometric, the other 
pyrometric. In observations -which require a certain 
preeisioti, it is therefore necessary to consult the ther- 
jnometer at the same time with the hygrcuneter ; and 
on tbu account, the inventor has constructed, from 
ohwrvatioQ, a table of correction, which will put it in 
the power of pbilosophen always to ascertain the de- 
,gree of hiunidi^ of the air, from the effect produced 
by the heat. 

HYGROMETEil, (De Luc'h.) fig. 1, plate V.— De 
Iiuc employed for the construction of his hygrometer, a 
thin slip of whalebone, which performs the same office as 
the hair in the hyg^meter of Saussure. He kept this 
whalebone bent by means of a spring, the action of which 
he preferred to that of a weight : he determined the de- 
gree of extreme humidity, by immersing the slip of 
whalebone entirely under water ; and to fix the opposite 
limit, which is that of extreme dryness, be made use of 
quick lime, which be enclosed with the hygrometer under 
.a-glass bell. The choice of lime is founded on this, that 
the calcination of it having produced a higher degiee 
of dryness, if it be afterwards left to cool, so far that it 
may be placed without inconvenience under tfae glass 
bell destined for the experiment, it will be still found, 
as to sense, in the same state of dryness, since it is 
vwy slow in acquiring humidity ; and thus all its ab- 
sorbent power will be employed to dry up, by little 
and little, the air contained under the receiver, and 
to make the hygrometer itself pass to a . state which 
^proaches the nearest possible to extreme dryness. 

The design exhibited fig. 1, plate V., shows De Luc's 
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hygromeUr M now eoiwtracted for common use ; it is 
made of variona dimeneions, but the figure is but one 
half tbe size of the instniment. The slip of wh&le>bona 
is represented by a, b, one end is fixed to a bar, which ta 
moved hy a screw for adjusting first the index on the 
dial ring *. 

HYGROMETER, (Daniell's).— This hypometer 
excels all others in sensibility and accuracy ; it is not 
liable to be out of order, its application requires no 
skill, and it is the best weather glass that has been con- 
trived. We are indebted to Mr. Daniel! for some curious 
and highly important facts with regard to the application 
of this new instrument ; he has amply shewn,* that by the 
help of this hygrometer, when associated with the action 
of the barometer and the thermometer, we have reason to 
hope to nnrarel, with more or less success, the complication 
of different causes which influence the variations of the 
atmosphere ; for it is only by tfae aid of a long series of 
observations,madeconjointlyby these instruments, leather 
with all the iodications which are deduced from the state 
of the heavens, that we can obtain such data as will 
enable us to prognosticate, with great probability, me- 
teorological changes, and to airive at a plausible theory 
upon this object, so interesting, and so naturally calcu- 
' lated to excite our curiosity. We exist in a continual de- 
pendence upon Ae atmosphere, and upon the timely 
alterations of seren^ and rainy days, for the labours of 
agriculture, for our voyages, for our various enterprises, 
and even for our amusements and pleasures, Mr. 
Daniell's hygrometer is well calculated to blend the 

■ Jourast of Science tai Art, Vol. 9. No. XVII. 
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OB^ftU with the i^;reeaUe w an otMd^ art whidiiBajr 
put it in our ppwer to tak« pirecantioitt against what we 
^preheud uid to enjoy by well founded antit^mtionf 
that which excites our hopes. 

The subjoined %ure exhibits 4 «k9tob o( UltT. I>aiiieU> 
new bygrometeT. 
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A and b are two thin glass balk of 1| inch in diameter, 
•connected tt^ther hj a tabe, having a bore of about ^th 
<t(aa inch. The tube is bent at right angles over the two 
balla, and thearm b, c, ccmtains a small thenacHneter, d, «, 
whose bolh, vhich diould be of a lengthened fomi, de- 
scends into Ae ball it. This ball, having been about tW4>> 
thirds filled with etfaer, is heated over a lamp till the fluid 
boils, and the vapour issues from the capillary tnbe^ 
which terminates the ball a. The raponr haring expelled 
the air from both balls, the capillary tube/ is closed her- 
metically hf the flame of a lamp. This process -is well 
known to those who are accustomed to blow glass, aad 
may have been known to have succeeded, after the tube 
has become cool, by reveising the instrument and taking 
^ one of the balls in the hand, the heat of which will drire 
' all the edter into the other ball, and cause it to boil 
rapidly. The b^l, a, is now to be covered with a 
piece of muslin. Tbestand^,^, is of brass, and the trans- 
verse socket I, is made to h(dd the glass tube* in the manner 
«f a spring, allowing it to turn and be taken out witii litde 
difficulty. A small thennometer, k, I, is inserted ^to ths 
pillar of the stand. 

The manner ofasingtheinstrumeBtisihis? After hav- 
ing driven ail the ether into the ball b, by the heat of the 
iiand, it is to be placed in an open window, or out of doors, 
with the ball b so situated as tfiat the surface of the liquid 
may be upon a level with the eye. A few drops of ether 
are then to be poured upon the covered ball. Evapora- 
tion immediately takes place, which producing cold upon 
the ball a, causes a rapid and continuous condensation of 
the ethereal vapour in the interior of theinstrument. The 
consequent evaporation from the included ether produces 
cold in the ball b, the degree of which is measured by the 
thermometer, d, e. This ^tion is almost in^^taneous. 
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The^ieniunaeter b^ns to iaU ia two mcwkIs ftfter tbe 
edkf hoB bten dropped. A depreyicm of 30 degrees ia 
eosilj precUwed, and abmetines die ether boik, and the 
AenpranettT falls below 0" of Fabrenbeit's scale. Tbe 
artiBoid cM thns {nvduccd causes a condensation of the 
atmospheric rapour npon the ball £» which &8t makes iti 
appearance in atbin ring of dew comcident with the sur- 
face of die eihet, Tbe degree at which this takes place 
is to be carefully noted. A little practice may be necessary 
to seize the exact moment of the iirst deposition, but cer- 
tainty is very sooa acquired. It is advisable to bare some 
dark, object bdiind the instniment, such ae a bouse or a 
tree, as the cloiid is not so soon perceived against an open 
horizon. Tbe depression of temperature is first produced 
at the surface of tbe liquid where evapmatiou t^es place« 
and the cinrents which immediately ensue to restore the 
eqaiBbrinm, are veiy perceptible. The bulb of the ther- 
mometer dei& not quite iiomersed in the. ether, that tbe 
line of greatest cold may pass throu^ it. The greatest 
difference that Mr. Daniell has observed in the course of 
four mouth's daily experiments between tbe extenial 
tbermometer k I, and the internal one e. d, at tbe m<»nent 
of precipitation m tbe natural state of the atmosphere, was 
90 degrees. In very damp weather the ether should be 
slowly dropped upon the ball, otherwise the descent of the 
thermometer is so rapid as to render it impossible to be 
certain of the d^^ree. In dry weaiber, mi tbe contrary, 
the ball requires to be well wetted more than once, to pro- 
dace the requisite degree of cold. It is almost superfiuous 
to observe, that care should be taken not to permit the 
breath to affect the glass. With diese precautions the 
observation is simple, easy, and certain. 

Wbrai the instrument is required to act merdy ab a 
weather.glasa, to predict the greater or less probability of 
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raim &e. which it the immponeet use to which it can be 
applied^ the difiereDCC between the conHtituent tempera^ 
tare of the vapour, and that of the air, is all that is neces* 
sary to be Ieqowd. The probability of rain or other pre^ 
cipitation of moisture from the atmoephere, is in an inren* 
proportion to this difference. As a weather-glass, thif 
hygrometer* is more to be depended upon than any instm- 
ment that has yet been proposed. 

By combioiDg the rise and fall of the barometer with 
the effects of this instrument, we leam to modify their re- 
sults, and by so doing dia hardly be deceired in the 
weather for many hours in advance. The indications are 
to be corrected according to circumstances in the follow- 
ing manner : — In summer time, when the diurnal variations 
of temperature are great, regard is to be had to the time 
of day at which the experiment is made. ,^n the morning, 
supposing the difference between the ten)perature of the 
air and the constituent temperature of the vapour tobe 
small, it is to be recollected, that the accession of heat 
' during the day is great, and that the difference will there- 
fore probably increase. If the point o^ condensation 
should at the same time be lowered, it is an indication of 
very fine weather. If, on the contrary, the heat of bptfa 
should increase with the day in nearly equal progression, 
rain will almost infallibly follow, as the heat of the air falls 
with the setting sun. In showery weather the indications 
of this instrument vary rapidly three or four degrees, and 
a person making observations at short inteir^ of time, 
may easily predict the approach of a storm. 

Fogs also, and mists, must be taken into consideration. 
They produce die same effect upon the instrument as th* 

• Sec the Jouina of Science sndA«, Vol. 9. No. XVll. 
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greater preeipitattons of nuD, A change from fine weather 
to rain is more quickly perceptible in low situations than 
tne from wet to fine, for the effect of a ehower lasts rather 
longer than the state of the atmosphere in higgler regions 
Would warrant, on account of the damp exhalations from 
the moistened ground. 

In cases of mist, fog, and cloud, the instrument wOl 
sometimes exhibit a different kind of action. If it be 
brought from an atmosphere of a higher temperatare into 
one of a lower degree, in which condensed aqneous par- 
ticles are floating, the mist will begin to form npon the 
ball at a temperature several degrees higher than that of 
the air. The difference, Mr. Daniell believes, is propor- 
tionate to the density of the doud or mist ; but, this phi- 
losopher says, " I speak with diffidence upon this point, 
as I have not had sufficient opportunities of reining it 
by experiment. I have sometimes thought, that I hare 
perceived a difference in this respect, in different modifi- 
cations of the cloud, but this must be referred to faturo 
more extended observations. This action npon floating 
water does not at all interfere with it as measming the 
force and quantity of vapour, for in all such cases the full 
saturation of the atmospberic temperature must have 
place, and consequently the temperature of the vapour 
must be coincident widi that of the air." 

Although the hygrometer we are now describing 
excels all others in sensibility, and accuracy with which 
it maricB the comparative degrees of moisture and dry- 
ness in the atmosphere, and, by exhibiting them in 
degrees of the thennometer, refers them to a known 
standard of comparison, and thus speaks in a language 
which every body understands ; yet, Mr. Daniell observes, 
it is not npon this alone that he ventures to found its 
claims of superiority. The great merit of this ioBtrument 
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consiets ia indicating^ with ease and precision Uie positive 
Teig'ht of aqueous gas diffused throug^h any g^ven portion 
of space, and the force and elasticity of Tapour, as mea- 
sured by the colunm of mercury which it is capable of 
supporting^. The means of finding these with ease and 
precision are furnished by the subjoined Table, npon the 
construction of which it will be necessary to make a few 
remarks i 

Table I. 
Shewing tite Force, Density, and Expansion, of Aqueous 

Vapour, at different Degrees of Temperatitre, from 

0" to 92" Fahr. 



T..p 


Force. 


Fool. 


"iT" 


remp 


Force. 


ffelofato 
.(folic 
Fool. 


■S."^ 


F>br. 


resra 


OTsilu. 




Fohr 


locheoo 
Mercary 


Groini. 




Qo 


0.064 


0.789 


1.000 


22 


0.139 


1.642 


1.046 




0.066 


0.812 


1.002 


23 


0.144 


1.698 


1.047 




0.06S 


0.835 


1.004 


24 


0.150 


1.763 


1.050 




0.071 


0.870 


1.006 


25 


0.156 


1.831 


1.052 




0.074 


0.906 


1.008 


26 


0.162 


1.897 


1.054 




0.076 


0.928 


1.000 


27 


0.168 


1.959 


1.056 




0.079 


0.963 


1.012 


28 


0.174 


2.030 


1.058 




0.0 2 


0.997 


1.014 


a9 


0.180 


2.096 


1.060 




0.085 


1.032 


1.016 


30 


0.186 


2.162 


1.062 




0.087 


1.054 


1.018 


31 


0.193 


2.240 


1.064 


10 


0.090 


1.089 


1.020 


32 


0.200 


2.317 


1.066 




0.093 


1.123 


1.022 


33 


0.207 


2.393 


1.068 


12 


0.096 


1.156 


1.024 


34 


0.214 


2.438 


1.070 




0.100 


1.202 


1.027 


35 


0.221 


2.545 


1.072 




0.104 


1.247 


1.029 


36 


0.229 


2.629 


1.075 




0.108 


1.292 


1.031 


37 


0.237 


2.717 


1.077 




0.112 


1.337 


1.033 


38 


0.245 


2.803 


1.079 




0.116 


1.411 


1.035 


39 


0.234 


2.900 


1.081 




0.120 


1.428 


1.037 


40 


0.263 


2.999 


1.083 ■ 




a 124 


1.474 


1.039 


41 


0.273 


3.106 


1.085 


20 


0.129 


1.529 


1.041 


42 


0.283 


3.214 


1.087 


21 


0.134 1.586 


10.43 


43 


0.294 


3.326 


1.089 
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remp. 


Weirbtot 
Force. ■ Cubic 


=:r4™. 


Force. 


■»;' 


^:r- 




F».. 


■""• 






Foot. 




F»hr, 


bcbc. . 


Gibiuc. 




Fdic. 


ocbcicl 
HercDrT 


OiaiM. 




41 


oiol 


8.452 


1.091 


69 


0.698 


7.541 


1.143 


45 


0.316 


3.570 


1.093 


70 


0.781 


7.776 


1.145 


40 


0.338 


3,699 


1.095 


71 


0.745 


8.027 


1.147 


47 


0.339 


3.815 


1.097 


72 


0.770 


8.270 


1.150 


48 


0.351 


3.940 


1.100 


73 


0.796 


8.533 


1.152 


49 


0.363 


4.068 


1.102 


74 


0.823 


8.807 


1.154 


SO 


0.375 


4.195 


1.104 


T5 


0.851 


9.091 


1.156 


51 


0.388 


4.330 


1.106 


76 


0.880 


9.385 


1.158 


52 


0.401 


4.4S8 


1.108 


77 


0.910 


9.688 


1.160 


53 


0.415 


4.616 


I.IIO 


78 


0.940 


9.992 


1.162 


94 


0.429 


4.770 


1.112 


70 


0.971 


10.292 


1.164 


55 


0^443 


4.910 


I.1I4 


SO 


1.000 


10.591 


1.166 


56 


0.458 


5 068 


1.116 


81 


1.040 


10.993 


1.168 


57 


0.474 


5.335 


1.118 


82 


1.070 


11:293 


1.170 


58 


0.490 


5.408 


1.120 


83 


l.IOO 


11.590 


1.172 


59 


0.570 


5.507 


1.124 


84 


1.140 


11.981 


1.175 


60 


0.524 


5.761 


1.125 


85 


1.170 


18.259 


1.177 


61 


0.542 


5.950 


1.127 


86 


IJilO 


12.681 


1.179 


62 


0.560 


5.126 


1.129 


87 


1.240 


12.966 


1.181 


63 


0.579 


6.310 


1.131 


88 


1.280 


13.368 


1.183 


64 


0.597 


6.506 


1.133 


69 


1.329 


13.756 


1.185 


65 


0.616 


6.614 


1.135 


90 


1.360 


14.150 


1.187 


66 


0.635 


6.912 


1.137 


91 


1.400 


14.542 


1.189 


67 
69 


0.655 
0.676 


7.013 
7.316 


1.139 
1.141 


92 


1.440 


14.931 


1.191 
















218 


30.00o|897.IIt 


1.14 



These tables are conetnicted upon Dalton's experiments 
on the force of rapour from water, like second colnmn 
of the table exhibits the force of aqueous rapour, in inches 
of mercury at the temperature opposed to it in die first 
colnmn. Upon these two data, namely, the force and 
temperature of die vapour, are founded the calculations 
which hsve famished Mr. Dandell with the series of the 
third colunm, which contams the weig^ht in grains of a 
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cnblc-foot of the rapour at die correBpondiBg'temperatarie 
and pressure. The method of proceeding is this : Steam 
at 212", and under a pressure of30 inches of mercury, is, 
as nearly as possible, 1700 times lighter than an equal 
bulk of water. A ctibic foot of water at its maximum of 
density, weighs 4S7103.4946 grains. Tfae weight, there- 
fore, of a cubic foot ofsteam at the above temperature and 
pressure, is *"|° | " - * - * or 257.1191 grains. From bence 
we may find the weight of an equal bulk of vapour of the 
same temperature, under any other given pressure, sup- 
pose 0.534 : for the volume being in inverse proportion to 
the pressure 

lu. Idi. Gra. On. 

30. : 0.524 : : 857.110-: 4.491 
the weight required. 

Having now obtained the weight of a oitbic foot of 
vapour, at a pressure of 0.524, and at a temperature of 
212°, we may proceed to find its weight under the same 
pres8ure,atanyothertemperatiire,suppose60°. ^hegases, 
it will be remembered, expand ^^ part of their volume 
for every accession of heat, equal to 1* of Fahrenheit's 
scale ; therefore reckoning as unity a volume of gas at 0% 
its volume at 60° is to its volume at 312" as 1+':^; is to 
1^*1^ or: : 1.125 . :1.441, therefore the density and 
weight being an inverse proportion to the volume 

Idi. tm. Gn. On. 

1.125 : 1.441 : : 4.491 : 5.638 
'the weight of a cubic foot of fi^tour at the temperature of 
'60o, and a pressure of 0.524 inches. 

It must be further remembered, that it has been proved 
by Mri Dalton, that as much vapour of determined ten^ 
perature is formed in a given bulk of air, as in a vacuum 
of equal space; therefore the above result gives the 
weight of vapour, which can exist in a cubic foot of the 
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air.at tbe-temperatuie of 60°. The fourth column of the 
t^ble contains the proportionate expausion for the cor- 
responding degrees. 

The calculations for these several series hove been 
' vfiade to the third place of decimals, which will be suffi- 
de&tly accurate for all common purposes. The manner 
^of using the table will be best underetood from an ex- 
ample. 

Let the temperature of the atmosphere be 70° ; and the 
point of condensation, as found by the hygrometer, 55° ; 
the pressure of the vapour, under these circumstances, is 
immediately found opposite to the degree of its consti- 
toent heat 6^" 0.443. To find its weight, we proceed 
thus : — supposing as much aS' possible to exist in the space 
of a cubic foot, its weight would be found upon the santp 
line as its pressure, 4.910 gts. But its bulk is expanded 
by the existing temperature of the air; therefore we must 
seek in the fourth coltuin for the degree of expansion^ ^ 
55° 1.114, and at 70° 1.145, and apply the correction 
thus:-— 



flie weight required. 

Now' the state of the atmosphere, assumed above, would 
constitute fine weather, and one of two things, or a modi- 
fication of both, must happen before any precipitation of 
water could take place ; either the temperature of the air 
most tall below 55°, or the quantity of vapour must in- 
crease to 7.776 grs. in the cubic foot, the maximum quanr 
tity that could exist at 70°, or the point of condensation 
might become intermediate, by a corresponding rise and 
fall of the two. 

In the first case, the precipitation would probably hp 
Oidy slif^t and transitory, such as mist, fog, or small 
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njn. In the second case, it would assome the fonn of 
hard rain and stonns ; while in the diird, some conjectare 
might be fonned of its probable duration and quantity, 
according as one or other of ite causes prevailed. 

But the hygrometer can be made to measure, not only 
the quantity and force of rapour existing at any time in 
the air, but also it may be applied to indicate the force 
and quantity of evaporation. Ab*. Dalton, in the course 
of that unportant train of iuTestigation to which we have 
before had occasion to refer, ascertained that the quantity 
of water evaporated in a given time, bore an exact pro- 
portion to the force of vapour at the same temperature. 
The atmosphere obstructs its diffusion, which would 
otherwise be almost instantaneous, as in vacuo, but this 
obstruction is overcome in proportion to the force of the 
vapour. . The obstruction, however, does not arise from the 
weight of the atmosphere, for that would prevent any vapour 
from arising under 213°; but, as Mr. Dalton observes, is 
caused by die vis tn«r(t<c of the particles of air,and is simi- 
lar to diat which a stream of water meets with in descending 
amongst pebbles. In ascertaining this point at ordinary 
atmospheric temperatures, regard must be had to the 
forceof vapour already existing in the air. For instimce, 
if water of 59° were the subject, the force of vapour of 
that temperature is ^ of the force at 213", and one mig^t 
' expect the quanti^ of evaporation to be ^ also ; but if it 
should happen, that an aqueous atmosphere to that amount 
does already exist, the evaporation, instead of being ^V 
of that from boiling water, would be nodiing at all. On 
the other hand, if the aqueous atmosphere were less thaM 
that, suppose half of it, then the effective evaporating 
force would be -^ of that firom boiling water; in shMl» 
the evaporating force must be universally equal to that of 
the temperature of the water, diminished by that already 
existing in the atmosphere. 
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But the aii>, hy itt meohanical actioa, has anodier in- 
flueoce upon th? nte of evaporation. IVIien calm aad 
etil), it merely obstructs the process ; butwhen in motion, 
it increasea its effect in direct proportion to its Telocity, 
by removing^ the vapour as it forma. Mr. Dalton fixes 
the extremes that are likely to occur in ordinary circum- 
staneea at 120 and ISSgra. per minute, from a vessel of 
aix inches diameter, at a temperature of 2I2o, 

Upon these data, he has constructed the following 

Table II. 



Shewing the Force of Vapour, and the full evaporating 
Force of every Degree of Temperature, from 20° to 
85°, expressed in Grains of Water that would be raised 
per Minute from a Vessel of six Inches in Diameter, 
supposing there were no Vapour already in the ^tmo~ 
sphere. 



r..p 


Force of 
V.,..,. 


■^T.'S.""" 


r..p. 


Foroo of 
V.p,.,. 


■a Gram.. | 


212. 


30. 


120. 


154. 


188. 


il2. 


30. 


120. 


154. 


188. 


^r 


0.129 


0.52 


5:67 


Ol2 


"sT 


0.214 


0.86 


rrr 


E35 


21 


0.134 


0.54 


0.69 


0.83 


35 


0.221 


0.90 


1.14 


1.39 


22 


0.139 


0.36 


0.71 


0.88 


36 


0.229 


0.82 


1.18 


1.43 


23 


0.144 


0.58 


0.73 


0.91 


37 


0.237 


0.95 


1.22 


1.49 


24 


0.130 


0.60 


0.77 


0.94 


38 


0.254 


0.98 


1.26 


1.34 


25 


0.136 


0.62 


0.70 


0.97 


39 


0.245 


1.02 


1.31 


1.60 


26 


0.162 


0.63 


0.82 


1.02 


40 


0.263 


1.05 


1.35 


1.65 


27 


0.168 


0.67 


0.86 


1.03 


41 


0.273 


1.09 


1.40 


1.71 


28 


0.174 


0.70 


0.90 


1.10 


42 


0.283 


1.13 


1.45 


1.78 


28 


0.180 


0.72 


0.93 


1.13 


43 


0.294 


I.IS 


1.31 


1.83 


30 


0.186 


0.74 


0.95 


1.17 


44 


0.305 


1.22 


1.37 


1.92 


31 


0.193 


0.77 


0.99 


1.21 


43 


0.316 


1.26 


1.62 


1.99 


32 


0.200 


0.80 


1.03 


1.26 


46 


0.327 


1.31 


1.68 


2.06 


83 


0.20? 


0.83 


1.07 


1.30 


47 


0.339 


1.36 


1.75 


2.13 
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I^,. 


IS^/ 


"•ra.'"-i 


Trap. 


VapoM. inOtrfn.. | 


212. 


30. 


120. 


194. 189. 


213. 


30. 120. 


154. 


189. 


48 


0.351 


1.40 


1:80 2.20 


"67" 


0.635 2.62 


3.87 


ns 


49 


0.363 


1.45 


1.86 2.28 


68 


0.676 2.70 


3.47 


4.24 


SO 


0.375 


1.50 


1.92 2.36 


69 


0.698 2.79 


3.59 


4.38 


51 


0.38S 


1.55 


1.99 2.44 


70 


0.721 2.88 


3.76 


4.58 


S2 


0.101 


1.00 


2.06 2.51 


71 


0.745 2.98 


3.83 


4.68 


ra 


0.415 


1.66 


2.13 2.61 


72 


0.770 3.08 


3,96 


4.84 


94 


0.429 


1.71 


2.20 2.69 


73 


0.796 3.18 


4.09 


9.00 


99 


0.443 


1.77 


2.28 2.78 


74 


0.823 3.29 


4.23 


5.17 


96 


0.458 


1.88 


2.39 2.88 


79 


0.891 3.40 


4.37 


3.84 


97 


a474 


1.90 


2.43 2.98 


76 


0.880 3.52 


4.52 


5.53 


98 


0.490 


1.96 


2.92 3.08 


77 


0.910 3.65 


4.68 


5.72 


99 


0.507 


2.03 


2.61 3.19 


78 


0.940 3.76 


4.83 


5.91 


60 


0.524 


2.10 


2.70 3.30 


79 


0.971 3.88 


4.99 


6.10 


61 


0.542 


2.17 


2.79 3.41 


80 


1.000 4.00 


5.14 


6.29 


62 


0.560 


2.24 


2.88 3.92 


81 


1.04 4.16 


5.35 


6.54 


63 


0.578 


2.31 


2.98 3.63 


82 


1.07 4.S8 


5.50 


6.73 


M 


0.597 


2.39 


3.07 3.76 


83 


1.10 4.40 


5.66 


3.91 


69 


0.616 


2.46 


3.16 9.37 


84 


1.14 4.56 


9.86 


7.17 


66 


0.635 


2.54 


3.27 3.99 


89 


1.17 4.68 


6.07 


7.46 



The first column contains the degrees of temperature; 
the second th« corresponding force of vapour ; the third 
the amount of eraporatiouper minute, from a vessel of six 
inches diameter, in calm weather ; the fourth the amouid 
in a moderate breeze; and the fifth in a high wind. 

The use of this table as applied to Mr. Danieirs hy- 
gromelA' ts this : let it be required to know the force n/ 
maporation at the existing ttate of the atmosphere. 
Find the point of eottdeneation by the inatrumetU at 
before directed; subtract the grains opposite that tem- 
perature, either in the third, fourth, or fifth columns, 
accordiHg to the state of the wind, from the grains oppo- 
rite to the temperature of the air in the same column. 
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and th« remainder will he the quantity evaporated in a 
minute, from a vessel of six inches diameter tmder the 
given circumstances, 'Far example; — let the point of 
condensation be 52°, the temperature of the air 05', with a 
moderate breeze. The number opposite 52° in the fourth 
column ta 2.06, and that opposite 65<* is3.16 ; the difference 
1.1 grain, is the evaporation per minute. 

We shall now proceed to describe the manner of apply- 
ing the hygrometer to artificial atmospheres, and to detaO 
some experiments with it, detached from the preceding 
seri^. The subjoined figure represents a bell-glass, pre- 
pared for this purpose. 




A hole is drilled in its side, through which the tube, 
proceeding from the ball placed under it, containing the 
thermometer, is pa8sed,and welded with the tube proceeding 
from the other ball on its exterior side, by means of a lamp ; 
the stem is then secured in the side of the glass by means 
of cement, and the ether boiled, and the capillary opening 
secured as before directed. The exterior ball is then to 
be covered with muslin. In this way the etaporation from 
the latter produces a corresponding degree of cold upon 
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-Uie ball imd«r the bell-g^ms, and will measore the quantity 
of vapour inclodedtby the precipitation which may readily 
be marked. The bell-glass may be secured by grinding, 
and othw well known means, from any communication 
with the exterior air. 

The hygrometric properties of any substance may thus 
be easily measured, by placing it under the receiver, and 
marking the absorption of the vapour. 

The last application of the hygrometer, which we shall 
point out, is perhaps of superior importance to any of those 
ivhich we have been comidering. We mean the correc- 
tion which it affords to barometrical measurements. The 
principle upon which the barometer is at present applied 
to the determination of heights, is the gradation of the den- 
sity of the atmosphere, considered as a homogeneous fluid 
of uniform composition. The only correction at present 
applied, is an allowance for the disturbing influence of 
heat by tiie expansion of the air, and consequent augmen- 
tation of tbe elevation due to a given diflerence of atmos- 
pheric pressure. But the atmosphere is not, in fact, of 
uniform composition ; the quantity of aqueous vapour, one 
of its component parts, varies almost every hour of the 
day. It is subject to sudden increase, and as sudden di- 
minution : and in its ascent to higher regions, follows 
a very different law from that of the permanent elastic 
ffuids. The bannneter measures the total pressure of tbe 
compound atmosphere, tiie hygrometer furnishes us with 
die means of estimating tbe insulated pressure of that 
p(Mtion of H, which is fluctuating in quantity, and uncer- 
tain in composition ; by deducting the latter from tbe 
former, we bestow upon the problem the necessary con- 
dition of its assumed simplicity. In low latitudes this cor- 
rection is of most particular importance, as the pressure and 
quantity of tbe vapour is in some proportion to the haak 
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For eiEW«pl«t Cajxt, Webb, it) ^ M^notr «^p9i) ^ Blecr 

(Ktmputed the oleration of 9 fMimber of «lation.a n^fw tlu^ 
Iflily raqge, &Qin the (dweTTf^Qp of « coIuibq of ni«rcnry, 
oompared with the mean height of tfie bftr^t^r at Cdf 
SUitB. IB the sa%e whbod. Now the tfiene«iieter, ia the 
Intitode of t^ l^ttar place, geoerally raoges throughout the 
year between 75° ^tqd 95% aad oA«i> ns«B to 100°, and 
fUfUtiaiei ;to llO*. We diall* f^refore, be probably 
qwd^ tb« Muurk JB assHiaing the te^p^ature of Calcutta, 
Atfipg Cnptain WeUb's.obeeiratiotffi, aX 80^. 'fhe sum- 
nn^ of the Himalaya mountaiitB ore abore the limits of 
perpetual coDgel»tioQ ; therefore, we cannot be much in 
$Tr^ in fixing the tempra^ture of these higher statitms at 
83°. We will next suppose that the ah: at Calcutta wa» 
not saturated wi& moisture, but t^t the poiot pf con^l^- 
satioD VHS 10° below the temperature of the air^ while, 
m the mountain, it was at its lughest limit. The columo 
<^ mercury which the fonner would suppoEt would 1ms 
0.721 in<, while that which would coupterbalance the 
latter, would only be 0.300 in., making a difi^rence of 
0.531 in., to be deducted from the height of the barometw 
at the lower station, and amounting to an error of i68 
feet in the estimated height of the upper. Thisj of couth, 
as far as regards the Himillaya meamrenentB, is a very 
jougb calculation, and the amount of the error is probably 
below the truth ; it will, however, sufficiently demonstrate 
the nature and importance of the correction. In hi^^ier 
. latitudes, and in the winter season, the state of the vapour 
may more safely be disregarded, for its pressure iacreBsep 
much more rapidly in the higher part c^ the therHi.on;etric 
^cale for every degree pf temperate, th^Q it does in the 

■ Joariul of tbe Roy»l lastiiutim. Vpl. ri. p. £5. 
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Iowa* ; its inflneiic^ bovevw, under all ctrcnnutwieefl, is 
suAciaitiT' great to make k of oonae^mDCe, vben wy 
thing like accuracy is required. 

We dball now conclude this abstract of Mr. Daii(eil*s 
{i^er. No oDCy says this pbiktsopher, c«a be more amte 
than myself of the incomplete ebUe in vhich I have pro- 
sumed to bring forward iny obserratKHis. Mor? tiia«» 
and better opportunities, were required to attain that 
accuracy which is so deurable in experimental u- 
quiries. London, moreover, is perhaps the wwst place ib 
tke world iat meteorological pursuits. ObservatioQS 
upon clouds, dew, and winds toe almost precluded, and 
any comparison of heights is very limited indeed. Know- 
ing, however, Aat the great value of the instrument which 
1 have contrived, must be derived from die number, extent, 
and comparison of the experiments to be performed with 
it, by different observers, in different situations, I have 
thought it more for the advantage of science to bring it 
forward at once, trusting to the candour of the learned to 
allow of the validly of the excuse, 

HYGROMETER, (Leslie's.)— The ball of the dif- 
ferential thermometer, (fig. I, plate XIIL,) which contains 
the supply of coloured liquid, or of the photometer being 
covered with several coats of cambric or tissue paper, 
and wetted with pure water, forms Leslie's Hygrometer, 
it will mark, by the descent of the column in the 
opposite stem, the constant diminution of temperature 
which is caused by evaporation from that humid surfoce, 
and it must consequently express the relative dryness of 
the apibient air. In a very short space, seldom indeed 
exceeding two minutes, the full effect is produced; and 
under the same circumstances, it will continue unaltered, 
till the whole of the moisture has exhaled. To exclude 
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cDtirely the mixture of photometrical influ^ice, or prevent 
VBj derangwnent which the action of lig'ht might other- 
vise occaeion, the opposite balls are made to exhibit 
nearly the same colonr and opacity, the naked one being 
blown of green and blue glaaET, or the papered one 
besides covered with a bit of thin silk, erf* rather a light 
shade, BO as to take a deeper tint when moistened. 

I^eslie's hygrometer has, like his photometer, two dif- 
ferent frams; the one portable, and the other stationary. 
The former, hariog its balls in the same perpendicular 
line as here represented ; it is protected by a case of wood 




vr ivory, and fitted for carrying in the pocket ; two or 
three drop^ of pure water from the tip of a quill or a 
bair pencil being applied to the surface of the covered 
ball, and the instrument held in a vertical position as 
often as it is used. 

The latter form is calculated for scmiewhat greater 
accuracy than the other, since its balls, Aough bent 
opposite ways, are on the same level. In this construc- 
tion of the instrument, the covered ball, after being once 
wetted, i» kept constantly moist, by means of some fibres 
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of floss-silk passing close over it, and immersed, at the 
distance of a few inches in a tall gLiss decanter full of 
water, with a stopper which leaves open a small projecting 

lip. 




The capillary attraction of these filaments conveys the 
liquid to the surface of the humid ball, as fast as it wastes 
by evaporation ; but to insure their regular action, the 
silk should be previously soaked in hot water, to extract 
any gum that may adhere to it, and the mouth of the 
decanter should stand a little higher than the balls of the 
hygrometer. When thus arranged, the hygrometer will, 
without any help, perform accurately for weeks or even 
months; and after thesilkyfilaments have become choked 
with dust, their activity may be again restored by washing 
them carefully with a fine wet brush. 

The condition of the atmosphere with respect to dryness 
is extremely variable. In our climate, says Professor 
Leslie, the hygrometer will, during winter, mark from 5 
to 25 degrees ; but, in the summer months, it will generally 
range between 15 and 55 degrees, and may even rise, 
on some particular days, as high as 80 or 90 degrees. In 
thick fogs, the instrument stands almost at the beginning 



DcmizedbvGoOglc 



910 Hygrometer. 

ofibeseale; it oooimoDly falls before rain, itnd reswinB 
-loT during wet weaUier; but it moiinta po^^rfully ia 
coDtinuedtractsof cl^u-aBd wurm >TUtber. Xbe greatest 
dryness yet noticed was at Paris, in the month of Septem- 
ber, when it reached to 130 degrees. But- for want of 
observations, we are totally unacquainted with the real 
elate of the air ill the remote and tropical climates. 

When the indication of the hygrometer does not exceed 
15 degrees, we are directed by our feelings to call the air 
damp; trom 30 to 40 degrees we begin to reckon it dry ; 
from 50 to 60 degrees we should account it very dry, and 
from 70 degrees upwards we might consider it as 
intensely dry. A room is not comfortatde, or perhaps 
wholesome, if it has less than 30 degrees of dryness; but 
the atmosphere of a warm occupied apartment will com- 
monly produce an effect of upwards of 50 degrees. 

But this hygrometer will perform its office even )£ it 
be exposed to frost. The moisture spread over the surface 
and imbibed into the coat of tbe papered ball, will first 
cool a few degrees below the freezing point, and then 
congeal quickly into a solid compoundmass. The moment 
in which congelation begins, a portion of heat liberated 
in that act brings tbe ball back to the temperature of 
freezing, and the coloured liquor, in proportion to the 
coldness of tbe external air, starts up in the opposite stem, 
where it remains at the same height, till the process of 
consolidation is completed. After the icy crust has been 
formed, evaporation again goes regularly forward; and if 
new portions of water be applied, the ice will, from the 
union of those repeated films, acquireathicknesssufiieieDt 
to last for several days. The temperature of the frozen 
coat becomes lowered in proportion to the dryness of tbe 
atmosphere. Tbe measure of heat deposited on the chill 
surface by the contact of the ambient air is then counter- 
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balanced by the two dtstinat, thougfa gonjoiied measHres 
of beat, Bbstracted in the suocessiTe acta of cmiTertla^ 
the exterior film of ice into water and this water iBto> 
steam ; which transformations that minute portion mast 
UBdei^ before it can unite with its gaseous solrent. Bnt 
the be«t required for the melting of ice being about the 
seventh part of what is consumed in the vaporization of 
water, it follows that the hygrometer, when the surface 
of its sentient ball has become frozen, will, in like cir- 
eunutances, sink more than before hy one degree m 
aevrai. This inference is entirely confirmed by obserra- 
tion. Suppose, in frostyweather, the hygrometer, placed 
on the outside (^ die window, to stand at 98 degrees ; it 
may continue for some considerable time at that point, 
until the congelati<m of its hunudity commences : bnt 
after this change has been effected, and tho eqnilibriunt 
again restored, the instrument will now nark thirty-two 
degrees. 

The thewy of Leslie's hygrometer will enable as to 
deterauoe not' ^ly the relative, but even the absolute 
dryness of the air or the quantity of moisture which it 
can absorb, by comparing the capacity of that solvent 
with the measore of beat required to convert a given 
porttOD of water into steam. To discover the capacity of 
air, is however a problem of great difficulty, and it has 
not been yet ascertained with much precision. Professor 
Leslie thinks that it is generally estimated by far too 
high ; and from several concurring observations, he 
reckons the capacity of air to be only three eighth parts 
of that of water. But 600 centigrade degrees, or 6000 
on the milleMmal scale, being consum^ in the vaporiia- 
tion of wat«r,tbiB measure of heat would prove sufficient 
to raise an equal mass of air 16,000 millesimal degreea, 
or those 6000 degrees augmented in the ratio of 8 to 3. 

p2 
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Now, at the state of equipoise, the quantity of heat that 
each portion of the atrial medium depoaites in touching 
the chill exhaling surface, or vbat answers to the de- 
pression of temperature whieli it suffers from this contact, 
inust, as we hare seen, be exactly equat to the opposite 
measure of heat abstracted by it in dissolving its corres- 
ponding sh^e of moisture. Wherefore, at the tempera- 
ture of the wet ball, atmospheric air would take up 
moisture amounting to tfae I6,000th part of its weight, for 
each degree marked by the hygrometer. Thus supposing 
the hygrometer to mark 50 degrees, the air would then 
require humidity equal to the 320th part of its weight, for 
saturation at its reduced temperature. When the papered 
ball of tfae hygrometer is frozen, the degrees on this in- 
atrument must hare their value increased by one-seventh, 
so that each of them will now correspond to an absorptiou 
of moisture equal to the 14,000th part of the weight of 
the air. 

But the value of those degrees becomes augmented in 
a much higher proportion, if the hygrometer be immersed 
in hydr<^en gas. Since this very dilute medium has ten 
times the capacity of common air, the quantity of heat 
which, under similar circumstances, it will deposite on the 
evaporating surface, must likewise, from the same prin- 
ciple of mutual balance, be tenfold ^eater, and conse' 
quently each hygrometric degree will indicate an absorp- 
tion of moisture equal in weight to the 600th part of the 
solvent. The energy of hydrogen gas is therefore not 
less remarkable in dissolving moisture than in containing 
beat. 

- Professor Leslie observes, that if a large receiver, having 
a delicate hygrometer suspended within it, be placed on 
a brass plate and over a metal cup containing some water, 
the included air will, from the solution of the moisture, 
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become gradually damper, and this progressive change 
is mariied by the iastrument. Yet the mass of air will 
never reach its term of absolute humidity, and before the 
hygrometer points at 5 degrees, the inside of the receiver 
appears covered with dew. While the humifying process 
therefore still goes on, the close attraction of the glass 
continually robs the contiguous air of a portion of its 
moisture ; so that a kiod of perpetual distillatiou is main- 
tained through the aerial medium ; the vapour succes- 
sively formed, being agun condensed ou the vitreous 
surface. But if, instead of the receiver, there be sub- 
stituted a vessel formed of polished metal, the confined 
air will pass through every possible degree of humidity, 
and the hygrometer will, after some interval, arrive at 
the beginning of its scale. 

UYGROSCOPE. (Lbbub's). Professor Leslie has 
lately revived a mediod of measuring the expansion of 
absorbent cohesive substances, by their enlargement of 
capacity when disposed into a shell; and has carried the 
hygroscope thus formed to as high a state of improvement 
as perhaps such an imperfect instrument will admit.* 
A piece of fine grained ivory, about an inch and quarter 
in length, is turned into an elongated spheroid, as thin as 
possible, weighing only eight or ten grains, but capable 
of containiug, at its greatest expansion, about 300 grains 
of mercury ; and the upper end, which ia adapted to Uie 
body by means of a delicate screw, has a slender tube 
inserted, six or eight inches long,andwith a bore of nearly 
the 15tb part of an inch in diameter. 

* Leslie ou Heat and Moisture, page 108. 
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The iBstrument heing now fitted together, its ellipticsl 
shell is dipped iato distilled wat«', er lapped roued witb 
a Tret bit of cambric, and after a considerable interval of 
time, fiHed with raercary to some eoBTenieHt point near 
the bottom of the tal>e, frtiere is fixed the begimdng c^^e 
scale.' The divisions thems^es are asoertained, by dis- 
tinguishing the tube into ^aces wMeb correspond eadi of 
them to tlie tlionsandth part of Ae entire cavity, and equal 
to the measure of aboutthree-tenthsef a grain of mercury. 
The ordinary range of the aeale wffl inclade 70 of these 
drvialons. To the upper end cS the tube, is adapted a 
small ivory cap, which allows the penetratiott of air, but 
prevents the escape of Ae mercuiy, and tftereby renders 
the Instrument quite portable. 

This hygroscope is lai^ly, thoogli rather slowly^ 
affected by any change in the Iranridity of the arabient 
medium. As the air becomes drier, it attracts a portion 
of moisture from the shell or bulb of ivory, wbicb, suffer- 
ing in consequence a contraction, aqueeKes its contained 
mercury so much higher in the tube. But if, on the con- 
trary, the air should incline more to dampness, the thin 
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balk will imbibe noutureand BWeU proportionallyiftlloMi- 
ing tb» quicksilver to Bufaside towards ks etdiurged cavity. 
These TatistiaBs, faowe¥er, are very far from correspood- 
vtg HkUi th« vaaL measures ef atmuspherio dryness ob 
humidity. Near the poiat of extieme datapnen* the ' 
aherattoiM of the hy^osoope aee much augmented ; kut 
tiiey itiwiiinh lapidly, as the ^aercury appvoanhes the 
Vff^t part «f the scale. The conlxactiea o£ the krocy 
answeriag to an equal rise in the dryiie«s of the aic, iasix 
tines gieatar at the beginniog of the aeaie than at the 
70tb bygroMOpe divisioa; and seems a geverallobe: 
u»T«iBeIyaa the nwher of hygronetic degrees, neckooing 
froaa SO bek>w. Pfofeasor Ledie has therefore plaoadi 
aaodMT scdle aloa^ the opposite side of the tube, the 
space between sad 10 of the faygroseope bciB^ distiii- 
g^iudwd isto lOfl dagvoes, and correapoDdiHg to the un- 
equal portions from the numbw SO to ISO on a h>faTitb- 
udo liae. This verysiiigiilaT property is oMre easily eoh- 
ceired from the inspection of the figure. The scale wight 
be safely extended farther, by cootiiuui^ the legcrithmic 
diTisioua. Thus, 32,0 degrees by the hyg^ometec wonU 
ansner te 108 of the faygroac^e, or to acontraotian of lOd 
parts iBAtkoneead in the edacity ot the bvlb. Bui al tbe - 
dryness of 3QQ, Pro&ssor Lealtc never found the ooatpae- 
iiaa of the iivovy to exceed 10& He ISiewiBfi lormed box> 
weed inte^ a hygloscope, of the same shi^e and dimeB< 
sions ; b«t this absorbent sraterial ssvelb twice as much 
with moistncs as ivory does, andtharefore require* its in- 
serted tuba to be pro^KirticBially longer or wider. The 
oentractioas of box are atiU more unequal than those of 
ivooy. N«er the point of extreine humidity, these altera- 
tions in die ciqiacity of the bulb seen to bo more than 
twettty times greater than, under like ehang^, ia the 
coadUiea of the atmoiphero, take place towards the upper 
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part of thescale. The space tncliHled b«tW4MD the took' 
meiicement and the 140th millesimal division of the scale, 
might hence be marked with. 100 hygrometrio degrees, 
Cdresponding'to the dacreasing portion sofa logarithmic 
line from five to lOS. 

In noticing the rapidly declining contractions vitdch 
ivory and box. undergo, Professcn- Leslie voald not be 
understood, however, to state the qoantities with rigorowr 
precision ; he merely- considers the numbers given above 
as vwy near approximations to the truth, i should be 
ashamed, says the Professor, to confess bow much time 
I have already consumed in tracing out the law of tbose 
ctHUractions. Such experitaents are rendered the more 
tedious, from the protracted action of the hygroscope,. 
which often continues travelling slowly for (he space ofa- 
quarter or eveu half an hour, . This tardiness is indeed- 
the great defect of^all. instrumeiits .of that nt^ure, ancL 
utterly disqualifies them for every sort of delicate, ob- 
servation. 

The very large e±pa»sions which the bygroscope shews 
on its approach to ex^eme humidity, exfdains in a satis- 
factory muiner the injury which furniture and pieces ot'> 
cabinet-work sustain from the prevalence of dai^ness,. 
On the other hand, the slight alteration wUch the instru- 
ment, undeigoes. in a medium of> highly idryalinosphere, 
seems to have led moat philosc^bers to believe that Uiere 
is an absolute term of dryness, on the distance «f which, 
from the point .of extreme moisture, they have generally 
founded the graduation ofthe dtfa'ent bygroaeopes pro- 
posed by them. This opinion, however, is far.firom heimg 
correct, and might give ocoaaon to most erroneous con- 
clusions. No bounds can be set to the actual dryness of 
the air, <>r the quantity of moisture which it is capable of. 
holding, and which, by the joint application of heat and 
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rar^ction to the sol^mt, may be pushed to almost inde- 
inite extent. - 

The ivoiy bygroscope, after being for several hours 
immersed in air of ISO or 800 degrees of dryness was apt 
of a sudden to split longitadinally. But if the bulb en- 
dured Hoeh a range of contraction, it appeared in some 
instances to take at least another set, or to accommodate 
its coostituti«H], by imperceptible gradations, to tfie state 
of the Burronnding medinm. If this remark were con- 
firmed^ it would elucidate finely the atomical system of 
bodies, and estaUiab the successive limits of corpuscular 
attraction and repulsion. 

Bnt though the bulbous hygroscope is, in extreme 
cases, liable to much uncertainty and some risk, it may 
yet be used wifli Tisible advantage, in a variety of situa- 
tions, as an auxiliary merely to the hygrometer. The 
very slngg^aees of the instrument, when the value of its 
divisions has been once ascertained, fits it so much the 
better for indicating the mean results. After being long 
exposed in situations hardly accessible, it may be con- 
vmiently transported for inspection before it can suffer 
anysensible change. The hygroscope could be, there- 
fore, employed with snccess to discover the degree of 
humidity whioh prevails at certain-considerable elevations 
in the atmosphere. It might be likewise used for ascer- 
taining readily the precise condition of various goods and 
commodities. Thus, if the bulb were introduced, for 
the space perhaps of half an hour, into a bag of wool, 
a sack of com, im- a bale of paper, it would, on being 
withdrawn irom their contact, mark ^e dryness or humi- 
dity of those very absorbent substances. 

The softer absorbent substances are not only them- 
selves affected by the state of the ambient medium, but 
are. capable, when they expose a broad attractive surface, 
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of aasioaUating to dieir preriovs copcUtion, m «nd other 
gaseous fluids confined over them. Flannel, foe instwue^ 
which has been intensely dried before a stroag Are, will 
support a reniarkahle degree of dryness in a okwe re- 
ceirer; yet after a few repeated a[^>licatioiui, it svon 
becomes saturated with humidity, and loses its power of 
absorption. Muriate of lime has a vigorous auil estevded 
energy } but the substance which answers best on the 
whole as an absorbent, and which continues for a I«ng 
time to attract moisture with almoBt nndJminislwd fiwoe, 
is the concentrated sulphiuic aci4. By the a«tiwi of this 
material, I am enabled, says Professor Leslie] to mBiDtaiB, 
for weelm or even months togotber, a magaune of dry air, 
which affords the meaju «f accurately gr«diuttii|g the 
differential thermometer and ,ju sevwal wodificatjoniL- 
But, by exposing, at the same time, und«r the teenwf A 
sm-face of water in given pn^rtwq to that of the acid, 
the oonfined air may easily be.rsduced to- aey iaferiw 
state of dryness. 

INGOTS. — Fused bodies are eiiber suffered tocoQ- 
geal in the melting vessels, or they are poured into the 
cavity of a warm stone, or in ui inverted meialUe cod£, 
See C^TiNo CoNB, page 11, or w^ota, fig. 1, plate 
VIII. In these last the fused metets a^esuffued tacoar 
geal in the shape of Qs*, or fouadish abloig mfwises, 
called ^ijw, or of btfrs. 

JARS, Graiwateb, fig. 3, plate 1.— To delensinetha 
volume of aeriform fioidB glass jars divided cubic ioohea, 
and subdivided into de(»m«) parts are eo^oycd. The 
contents of these jars should be nwurk«d on the outside by 
means of a diamond, beginning at theto|iofthej«r, wbra 
it stands inverted on the shelf ef the pammiitio trongfa. 
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Id many cmcs JMnr divided into enpial arbitrary fatts. nre 

ueefui. 

The manner of ^vdaating jnrs for tiiic pnrptse is very 
easy, and we onght to be provided intii graduated juv of 
diffflrent dims, and even Bevend of each nza. Take a tall, 
sarrow, and strong glass jar, and, tuiTiag filled it vrith 
water ib the datem, place it upon the ahelf of the pneu- 
in^o trough, vre oaght always to use the same place for 
this eperatioD, that the level of tbe ^eif may be always 
exactly einiUr, by whioh almost the only error to which 
this procefis is liable will be avtttded. Then take a nar- 
row-mouthed phial holding exactly 10 cObical inches. 
If yen have not ooeexactly of this diouniion, choose nne 
a little larger, and dimmish its capacity to tke «se raqni- 
aite, by droppi^ in a little melted wax and reun. This 
•ncdl pbial serves the purpose <rf a standard fin* gagisg 
the jars. Make the ur ooMained in tfau bottle peas into 
the jar, and mark exactly the place to which the water 
has descended; add another measure of lur, aad again 
nark the plaoe of the water, and so an, till all the y^BiST 
a displaced. It iaof greatconseciuence that, during the 
oodrse of ^s epwation, the bottle and jar be kept at the 
same temperature with the water in the ei«terc ; and, for 
tb» r^ison, we must rairain as much as poBsiUe fron 
keeping die haodsuponsither, or, ifwasuepeettbeybave 
been heated, we nust coel them again by means of tka 
water In the cistern. The beigiit of the barometer and 
thermometer during this experiment is of no coaieqn^icc. 
When the marks have been Aas ascertained tipon the jar, 
for every ten cubical inches we mark A« scale npon one 
of it sides by means of a diamond pencil. 

Glass tabes ^e graduated in the same muiner Cur using 
as the meretirial ai^aratus, only they most be divided 
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into cubic icches, and tenths of cubical inches. The 
botUe for gaging these should hold one cubic inch. 

Another mode of determining the rolume of elastic 
aeriform fluids, consists in . transferring the unknown 
volume of air into a narrow cylindrical vessel standing 
on the shelf of the pneumatic trough, and then marluDg 
by means of a slip of paper pasted on the jar the exact 
height of the elastic fluid. This being done we turn up 
the jar, and fill it with water exactly up to the mark, and 
by weighing the water, and reducing its w^gbt to cubic 
inches, the volume of the gas may be found. 

JAR, pREViPiTATiMii. — The most cmvenient jars for 
mixtures and precipitations are such as figs. .5, and 6, plate 
XI., or as those which are represented figs. B, and 9, plate 
XVI. these being broad at bottom, any precipitate can 
be more thoroughly edulcorated than in any vessel of the 
wine-glass shape. An aagortmeut of glass jars of a cylin- 
drical shape, or nearly so, are indispensably necessary in 
the laboratory, both for experiments on gasses, and for 
holding liquors in all the common operations of .filtering, 
mixture, &c For the gasses, the jars are usually plain 
cylinders of various length and capacity, which stand 
steadily enough when inverted over water, and the margin 
of the open end is generally gronnd smooth, that when 
any flat plate, or a circular bit of card, is pressed upon it, 
the water may not drop out when the jar is inverted. 
For experiments with mercury, the jars should be smaller 
and thicker, and to stand very steadily, jars are some' 
times wider at bottom. 

JAR, WiDE-MoDTH, fig. 3, plate XI., which can 
readily be rendered air-tight.— It is frequently necessary 
to close the openings of very widc-moutbed vessels in- 
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tended to contain substances which would be injured by 
free exposure to the atmosphere, or by evaporation. 
Ground glass stoppers are seldom air-tight, and when 
they are, it happens that by the accumulation of particles 
of dust in the fitting, the stopper soon becomes immove- 
able. The method here adopted, is to have a glass jar, a, 
with a groove, b, half an inch deep round the outside of 
the pot or the mouth of the jar, and a glass lid, e, fitting 
loosely into the groove, which is rendered air-tight by 
hog's lard, a substance never quite fluid at the highest 
temperature of this climate, and always soft enough in the 
cold season to admit of removing the lid or the top of the 
jar. 

JAR, Deflabhatino, (ig. 31, plate IV. — See Air Jar, 
page 38, and Bell Glass, page 53. 

LAMP, cuEHicAL, fig. 37, plate I. — This kind of lamp 
is very convenient for chemical purposes, being flat and 
low, the wick rises and falls by the motion of the small 
toothed wheel, this affords the focility of altering the po- 
sition of the flame with regard to the vessel which remains 
fixed, at the same time that the flame itself can he brought 
near to the matter on which it is Intended to act. 

LAMP, Spirit, figs. 27, 28, plate I.— A Spirit Lamp, 
for experiments in the small way, which demand a mode- 
rate degree of beat, and much neatness, the spirit lamp is 
an excellent contrivance. The flame of burning spirit of 
wine behig always perfectly clear, and free ^m smoke, 
produces no soot on the vessel on which it acts. It may 
easily be made to burn slower or faster, and consequently 
occasion more or less heat, by merely enlarging or dimi- 
nishing the surface of the cottop wick upon which the 
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spirit barns ; for aa long as tbe wick a freely supplied 
with spirit, the flame is precisely of the same streD^, 
Tbe boroing of spirit is, beiides, more clear ami elegttnt 
than oil ; it gives do impleas^t smell, and does Bot pro- 
duce aay disagreeable consequences if spilt; thewiek of 
tbe lamp is not rendered fouJ, nor is it scorched or cob- 
•umed, and the vessel to which tbe flame is applied does 
not become obscured by smoke. The expense of tbe spirit 
to suj^ly the luBp for experimental purposes is quite 
inconsiderable, a is the lamp ; c. a glass cap fitted to ^ 
aeck of the lamp by grinding, to prevent the eVaporation 
of the spirit from the surface of tbe cotton wh«i the lamp 
is not in use. 

LAMP FURNACE.— Sea Furnace. 

LENSES OR BURNING GLASSES hare often 
been found useful in chemical researches, for ap- 
plying the beat of the sun's concentrated rays upon lMMiie% 
under circumstances in which other heat cannot be ap- 
plied, as on tbe inside of a glass bottle or recedrer {fig. 
18, plate 9] or in a vacnum ; tbey are usually fitted up as 
represented in figs. 18 and 19, plate IX. 

LEVIGATING Stone, Fig. 1, plate IV.— Levigating 
or Porphyrasition is nothing bat a more complete tritura- 
tion. , It is performed on a flat piece of pwphyry, a at 
any odier stone that is very bard, uid has a very smooth 
surface, with tbe aid of a. stone of the sfune d^ree ot 
.hardness, wbicb is called a muliar b. Tbe matter is 
spread out upon the slab of porphyry; tbe workman 
then takes tbe muliar with both hands, and works it cir- 
^ntlarly, and in diflerent directions, to grind the matter. 
That part of the maUw which comes io contact with the 
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abby mast not be perfectly fiat{ its siariace should be a 
porticm of a sphere with a very large radius; otherw^ 
the matter would be driven before the ntuUar, and could 
Bot get uadmieath it to be ground. Whea the Bwtter k 
too much spread on the surface of the porphyry, it may 
be brought back to the centre, by means of a knife with a 
very thin blade, &g. 14, plate XIV^ 4^ iron, bors, or 
ivory. 

LEVIGATIXG Mortar, Fig. 30, plate XVI^ 
Where substanoee are insoluble in water, the addition of 
wat^, so as to form them into a paste, may be usefully 
made, which is to be rubbed or levigated in a flat bot- 
tomed mortar til] it is sufficiently fine; this prevents the 
loss and inconvenience of quuitities of the finer powdw 
bein^ scattered about in the form of dust. Fig. 21 is die 
pestle of the mortar. 1 

tlXIVIATING TUBS, a, a, a, fig. 1, plate VII.— 
Lixivation is an operation used in chemistry for separa- 
tiag substances which are soluble in water from such as 
are tnsolubU. The large tab, a, a, a, having a hole d 
. neer its bottom, oontakiing a wooden-spiggot and fosset, 
or metalUo stop-coc^, is generally used for this purpose. 
A thin stratum of straw is placed at the bottom of the 
tub ; over tbii, the substance to be lixiviated is laid and 
covered by a cloth, then hot or cold water, according to ' 
the degree of solubility of the saline matter, is poured on. 
When the water is supposed to have dissolved all the sa- 
line parts, it is let off by the stop-cock j and, as some of 
the water charged with salt necessarily adheres to the 
straw end insoluble matters, several fresh quantities 
of water are poured on. The straw serves to secure 
a proper passage for the water, and may be compared to 
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the straws or glass ndi used in filtrating, to keep die 
paper from toachiiig the sides of the funneL The doth 
which is laid over the matters under lixiriation prevents 
the water fVom making a hollow in these substanees 
where it is poured on, through which it might escape 
without acting upon the whole mess. 

This operation is more or less imitated in c^emicaLex- 
periments; but as in these, espedally with analytied 
views, greater exactness is required, particular precaa- 
tioDS most be employed, so as not to leave any salme or 
soluble part in the residuum. More water must be esi* 
ployed than in ordinary lixiviations, and the substmices 
ought to be previously stirred up with a stick in the 
water before the clear liquor is drawn olT, otherwise the 
whole mass might not be equally-lixiviated, and some 
parts might even escape altogether from the action of 
the wateK We must likewise employ fresh portions of 
water in considerable quantity, until it comes off entirely 
free from salt, which we may ascertain by means of pro- 
per tests. 

In experiments with small quantities, this operation is 
conveniently performed in jugs or matreaaes of glass, and 
by filtrating the liquor through paper in a glass funnel. 
When the substance ia in larger quantity, it may be lixi- 
viated in a kettle of boiling -water, and filtrated through 
' papw supported by cloth in the wooden frame, and in 
operations in the large way, the tubs, a, a, a, must be 
used. 

LUTES, See pt^ 18. 

MATRASS, fig. 36, plate I., fig. 7, plate IX.— The 
matrass is a glass vessel used for making solutions. It is 
generally of a spherical form, flattened slightly at bottoai. 
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It bu ft long neck to allow the fluid to condense and re- 
turn into the Tessel. Gtass matraBses abould be diin at 
«be^tt<Hn. The common flask, see fig. 36, plate 1. Is a 
. good matrass. 

MEASURE QLASS, fig. 34, plate I.— A conical 
g^ass Tessel graduated into certuu capacities either by 
weightorbuHttoastandardfluid. Whenerer ^actne^s is 
required, which always ought to be most careMI; at- 
tended to in chemical Inquiries, quaatitite of fluids shouM 
seldom be determined by measure, but by weight. The 
.lueasuriDg of fluids may iii some few cases "be allowed ; 
bnt then it should be always mentioned for the infdnna- 
.tign of those that will repeat the experiment, or reason 
on its results ; and the more so when the same kind ef 
flaid is of various specific gravities, or when particlilar 
.accuracy is required. - . 

The weights and measures required by die chemist are 
few and simple, but they should be accurate, aad their 
relative values well defined. 

For the measure of wieight, the Trby pound of IS 
ounces or. 5760 grains, is the integer almost always pre- 
ferred, being that which admits of a minuter subdivision, 
and whose correspondences with measures of capacity 
are mwe accurately defined; though there are still some 
fliight diflTerences io this respectwhich it were to be wWied 
were nmoved by authority. The subdivisions of the 
troy ounce employed by chemists are sometimes those of 
.apothecaries weight, that is the ounce iato eight drams, 
the dram into three scruples, and the scruple into twenty 
grains, or more commonly, simply into drams and grains ; 
or sometimes the ounce is divided into twenty penny- 
weights, and the pennyweight into twenty-four grains. 
Often the grain is the only integer employed, and sets of 
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wetg^te are used nf the diffiBrent hmdreds, tan, and - 
uniti. The SYerdspaiB pvmd is hawrrar aoinetiiiifes 
aJof ted, beteg tbe atao^wd of moat thtags bs^jMt nwl 
told in common life. It is equal to 7000 gnhm troy, asd 
is divided into sixteen ounces, and the ounce le^ly into 
nxteeo dFants, but tlt« latter divitrtiia is never lUfld by 
tthcniiits, betni; Hable to be nrntakflB fin tbfe tray dran, 
TrlMfa wciglH more Iha* titi«B ^ raUoli^ 

For mcflBticBi of capattity, cbanisto employ batk the 
ouDCe itaeuiare (or bnUt eoeupisd by theoaocC, or any 
puoportiBii of it, of dstaied vntet «t eo") and the cubic 
faclli For larger ^hntiliea both tbe wine pint of fi8,S1Q 
eabic inches, and the ale pint of 3$.3S cubic iaobfta ^e 
riasedv Tffo pats'make a qnart, and &«■ quarts ms&ea 

The^mrrespondoaoe between mvasuras of weight uuA 
capacity is found by the weight of 4 cubic inch of waltlir. 
In :thi8 bowerer a alight difference sitists, in aathonties 
a^arstttly «qinUy «Or(h|f of confidenee, wMeh depenils 
partly on the extreme diffioulty of ooBBtractitt^ imtru- 
dieMs: of perfect accaMc^, and partly on sMtae slight dis- 
crepaBCy between the standards thiemselTes. The extent 
•f this diflferenoe is abMit half a grain in S53. We have 
lUlt^ed .in tbe foHowing tables the estittaCtotts given by 
Sir G. Shackborgh £T<ely, intbd estb vol. c^the Pbilo- 
aopbical TraimOtionB, cCrrected in ast^equeirt papCT 
by Mr. Fletcher, in the 4th vol. of the Philosbpfitcal 
Journal. On this calculation the cubic n»dt tit dJ^tiOed 
mter nt 80" AemomeleF, and 99.5 barMneter, weighs 
3fi9^06 grains trey. 
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We may here notitelhe Terjr "common error of estimat- 
ing- a wine pint of water -to lie equdl to sixteen ounces 
trny, since it wants as mnch as SSO grains of sixteen 
ultnccs, when l)ie ciil!>ic inch ^estimated at 252,306 grains 
and 9^5 grains, wlien ihe cubic inch is reckoned 253 
grains, whfdi is flie Ivigfaest estimation. Nevertlieless as 
Beveral meaaunDg Tessels are thus graduated, and as the 
a4o]Vtion efVMs rtimdard w Id be extremely conTcnJeiit, 
this 'measaretneiTt tnay be often nsefully employed for 
*Boa«ratequantitiB8;4nit the chemist dhotfldthen express 
4bat1ie-ii8esthe pint of -sixteen ounces troy. 

A totliliyne*-sy^em of weights and measures has been 
introduced iirtb the TremAi empwe, and is that'in which 
mo^ df the espressions of quantifies in diemical experi- 
ments are now made. It istherefore necessary in this 
ftlitee to give -their corresponding quantities in English 
measures. 

*'To employ, as the fundamental unity <ff all measures, 
a type taken from nature itself, a type as unchangeable as 
the globe on which we dwell — to propose a metrical sys- 
tem, of n'hich all the parts are intimately connected to- 
gether, and of which the multiples and subdivisions follow 
a natural progression, which is simple, easy to compre- 
hend: — this is most assuredly a beautiful, great, and 
sublime idea, worthy the enlightened age in which we 
live.' 

(t2 
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Such ivere the ideas which inHuenoed Ae Preach-Na- 
tional Institute, when they chose, as the base of the whole 
metrical system, the fourth part of the tffiresti^ mmdian, 
between tbe equator and the mffth pole. Tbey adopted 
the ten milUoneth partoftbis arc for the unity of measure, 
which they deDominated metre and applied it both to 
«aperficial tuid solid measures, takings for the uni^ of the 
former, arc, the square of the decuple, and for that of the 
latter, Utre, the cube of the tenth part of tbe metre. 
Tbey chose for the unity of wei^t, gramme, the quantity 
of distilled water which tbe same cube contains when re- 
duced to a constant state presented by nature itself : and 
lastly, tbey decided, that the multiples and submultiples 
of each kind of measure, whether of weight, capacity, or 
length, should be always taken in the decimal progres- 
sion, as being the most simple, tbe most natural, and the 
most easy for calculation, according to the system of nu- 
meration which all Europe has employed for centuries, 
and they used the prefixes, deca, hecto, kilo, and myria, 
taken from the Greek numerals, to express the multipli- 
cation of the integer by 10, 100, 1000 and 10,000 re- 
spectively, and deci, centi, miUi, taken from the latin 
numerals, to express its dirision. 

By a careful measurement of tbe arc between Dunkirk 
and Mountjoy, they found the length of the metre to be 
equal to 443.296 lines of tbe toise of Peru. Tbe cubic 
decametre of distilled water, taken at its maximum of 
density and weight in vacuo, that is, tbe unity of weight 
- was found to he 18827.13 grains of the pile of Charle- 
magne. 
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Meature Glais. 380 

The nwfre nt S2„ = 39.371 Eng. incbs at 63". 

The square metre 1550,075641 Bog. b<{. inches. 

The square decimetre 15.50075 Eng. sq. iocbes. 
100 arcs or square decimeters zz 3 English acres nearly. 

Cub.fett,evb.Mek. 

Thecubic metre = 61038.038 Eag. cubic in = 35548.038 

The cubic decimetre, or Itfre=61.038 Eng. cubic ini^es. 

Equal to the bulL of a killogramme of water. 

The gramme or wright of a cubic centimetre of wato* 

equal to 15.44403 troy grains. 

HEASUBBS OF LENGTH. 

The Metre being at 33**, ftnil the Foot at 630. 
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Mortar. StI 

ThcdMHnl progreMioa dfaRtbeFreocIi weight* bikI 
measHTM renders it only neceuary to obangc the decimal 
point ia oriev to coarert one into die equir&IeDt of any 
other of the «ane species and Ht^neneally the same, but 
oi a 4li%r^t dcoominatioo. Thus as 6 litres are equal 
to 14.SS17 ale piats, 9 hectoliton will be equal to 1568.17 
ale piirts ; aad so af the rest. 

MERCURIAL TKOUGH.— See PitKHMiTicTaouflB. 

MKPHITIC WATER APPARATUS, Eg. 9, plate 
V. — a is a copper bottle connected with a condensing 
BjrringiQ b. The carbonic acid is generated in tbe usual 
qianner, qnd conveyed, by means of the bell glass c. into 
ibe fiopper balL This apparatus is but ill calculated for 
^ pHtptHO of uqpr«g»ating water with carbonic acid. 

MQILTAR-— FoundiDg IB oqe of the mqst common 
operatioaa of the laboratory. The chemist must there- 
fore be prorideid with mortan of different kinds, gloss, 
wood, iroRf stwl, marble, siliceous stones, and porcelaii; 
ware, are all employed. The nature of the substance 
wbiob the chemist has occasion to pound must direct him 
ID tbe choice of wo moitar in preference to another. He 
nuMt h^ve glaas mortaiis fof pulverising corrosive saline 
subBtaneesi tb4Be are usually of the form represented li^. 
19, plaie XVI. For bruisiug aucoulent herbs, roots, and 
aOmv receut vt^etable substaaces, which do no not re- 
quire trituratiioa, mortars made of boi-wood, or oak, are 
used ;. these are ahfiped as represented fig. 18, plate XVI., 
fig. 19 is th9 cover belonging to the niiortar. . 

It is scarcely necessary to observe, that in order that the 
matter iwy be properly subjeidad to the eSbrt of tbe 
pestje, tbe bottom of mortars must be of a concave form 
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and the side «boald neitber be au iadyied ta awt to illow 
the substance operated ^n to fall to the bottom between 
each stroke of tbe pestle, nor so perpendicular as to col- 
lect it too much together, and to retard the opentioo^ 

Fig. 13, plate VII. represents an iron mortar of an, 
io^iroved form with its cover. It differs from the ordi- 
nary shape of mortars, in being nearly circular instead of 
conical ; by this means substances are more readily com- 
minuted, and are not subject to be thrown out <rf the mor- 
tar by Ihe effort of tbe pestle ; tenaceons substances are 
not so subject to cake, and a better effect is produced in 
many instances by giving a rotatory motion to tbe pestle, 
which cannot be effectually accomplisbed in the mortar 
of the usual forms. To prevent the finest and lightest 
parts of the powdered subst&nce from escaping, and to 
defend the operator from the effects of disagreeaUe or 
noxious substances, tbe top of this mortar is so constructed 
as to admit a wooden cover within a rim or groove, a 
mode more effectual than the old contrivance of eo- 
v^riug the orifice of the mortar with a mere perforated 
cover. Tbe pestle has a bole in the upper extrerai^, in 
order to suspend it if required. . Figs. 13 aed 13, plate 
VII. shew the sbi^e of the larger kinds of cast iron, or 
what are commonly called laboratory mortars. They are 
always provided with woodcai covers to prev^tthe finest 
and lightest parts from escaping, and to defend tbe <^- 
rator from the effects of disagreeable or noxious sub- 
stances. But these ends are more completely attained, 
by tying a piece of pliable leathw roubd the pestle and 
round tbe mouth of the mortar. It must be closeL^y ap' 
plied, and at the same time so large, as to admit tbe ff-ee 
motion of the pestle. 

In some instances, it will be even oeeessary ftMrtbS'ope- 
rator to cover his mouth and nostrils with a wet' elotb. 
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and to «tmd tvidi bis b«ck to a:«tirrent of air, tbat. the 
rvrj acrid- partkleiB which ttrise nay be cairied-firom him. 
To IcBSCD'tlie maawal labour, the pestJe of lar^ mortars 
i» fastened to the end of a flexible wooden pole, which: 
bangs orer- the iuortar, by the elasticity oS whioh the 
pMtle IB lifted up again to the proper height after the 
stroke is made, F^.IS, plate VII. is a Steel Mortar for 
ptilTwising gcnn. It consists of a solid cylinder of 
bai^ened steel, having a slight conoaTity, to which' is 
fitted the steel pestle, fig. H. The block of .steel is 
fixed into an outer wooden case. The gems to be pnl- 
T«ised by means of this mortar, must first be cnubed 
into small fragments by means of the CrTttMng Mortar, 
represented fig. 17, plate VII., which consists of a cylin- 
der of hardened steel, with a flat bottom, and a pestle of 
die saioe, made to fit the mortar accurately from, top to 
bottom. It is Hsed by putting the gems, or pieces of hard 
mineral, into it, and striking the pestle with a hammer. 
By this means the substance can be reduced into-tole- 
ruble small fragments, without 'grinding^ ofl!* any portion 
«f tbe mortar. Thefragments-are then collected, and 
put into the mortar with a Ihtle. water, and a very close 
continued frictiiiu is required to bring it into an impal- 
pable powder. It should always be remembered, that 
when a Teryhardbody is grotiiid to powder, the friction 
wears <Ae mortar as well as the substance- pulverized j 
oaaseqnently for delicate '.experiments it is necessary 
to weigh the nottar befwe^and ^er tbe process, and 
lo alloff foir the loss of weigfatby an equivalent addition 
to tibe- powder-obtained. Fig. 30, plate XVI. shews 
At usual shape of agkte or flint mortars employed 
for puWerising nunute ^quantities of hard miuo-als . for 
efatmical' analysis, fig.-Sl is:tbe pestle of the agate 
mortar. Very nseful band mortars are also made of 
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lurd inni, buned, (mamuA witftiD) nhicb ar« -rtry havd. 
F*r gTimiijtg lubrtanoes of nodcnte hwrdBMB, ■ ortats 
■uule of wsdge-ffood ware, figs. It aad lij; vitk very 
anooA.pfiallea of th* auna BoatarMi, are extremely use- 
M. Tbey «U1 xeadily bnafc, bovMcr, by a vmait Umr. 
Por ligfater patpMca very good niartars ar« nade of 
bell-matal, witK pwtlea eilbec of the same ob of iron. 
Tbey arc saat lary smotfb, ae that the aratanal to be 
pouadr^ does oat atidr to tbe sidea. Moat neutral aaka 
nay be caoTfliuMitly palrerfaed in them, bat tbm ebest- 
cal aotfos on the coppar oug^bt t* be k^tt in miad, 
88 (for example) if moriato or earbosate of anaaona 
ba left in a bMI-toftol meitar it becones green by tbe 
ovyd of copper wbidt it 4iiAsolTea. 

MUFFLE^ figs. U and l«, plate l.~A nautte iv a 
Tanlted fiat-bottooMcl eartbem tetsvi, intended to be put 
in tbe midat af a furnace, of pr«pw ooaatHotitN], ao as to 
affbrd a apnea atroag\j beatad, bnt pMteeted from tbe 
a>c<aal contact of tbe fad, in vrfaieb H»aU vcsada af any 
kiad may be aet. The mufle ia entiraly open at one end 
and closed at the. other, and it baa aametinea alks «t 
openiiiga at ita aidea^ at ahewn in fig. 16. 

NOOTH'S APPARATUS, fig. 8, plate Vl^When 
habitoal uae ia madoof wntn* iapre^atad <ritb eaibamc 
add gas, tbe apparatna of Dr. Nootb w very s^riwal 
and coBTement. It oeneisaB ef tbvea ^aaa vmaala. Tbe 
b>«er vessel c coatEiins the clferveacent matenala t k baa 
a email orifice »» atoppad with a gronnd stopper, a< 
nbiob an additional sapp^ of ^her^ muriatic, or snt^ 
pfauric aoid, or dialk, nay be ocoaaiom^y iatrodoced' 
Tbe middle ressel a is open bothabove md below, ita 
inferior neck is fitted by grinding into the neck h of the 
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lowep'veswl. Iiutbt fonocr is a ghu rake, fomcd Wf 
tw» piwsffi of tube, and a Inny irinch is warwUe, ba- 
twmB tkjem. TbM vah« ap«i» HiHrarde, «kI anieis ik» 
gas tu pass ; but the water cannot return througlL the tubes, 
pArtiy berna* Iba mkttaoietmgAlat^t aul pari^ bccaue 
tke flat ten ewtaa &e ImIb. The middle nwd ^ 
fnniished with a CMk t^ ta> Anxr «tf Ma contcBls. The 
upper vaam l a ii fitted^ by grading, kto tke wpptr neck 
of the middle vwaeL Its ioferin part conaiats ol » tnbe 
tbirt passBS almest as low aa the ccatia oC tbei middte 
iVBsel. Its npper orifice ia cbiaed by a gravnd stopper r. 
When Ihn' apparatus iato be osad, the efirvaaoewt aato- 
rfalfl, dkaJk or marbl«, and dilnte sntphurie acid are put 
iato the lower Teasel ; the middle renel ia Mad witb 
wrier, and pnl is its place, and Ifaa upper lemal ia neatly 
&M>pped, and Kfeewiae p«t in its place Tb« eonae^uence 
is, ttret Ihe earbonkf acid gas, paHi»|; threvgli tbc valre 
at H^ aacesda M* the upper pert ^ the middle vessel b,. 
w fcw o > bjt Hb (dattidty, U m-aats cm tbe water, and forces 
part lift ^ tabe into tie veaacl i { part of the eommoii 
at^, ia-thte-lbali, bein^oomprcaaed, and Ike rwt eacapin^ 
by the ttvpper, whieb i» made of a conied figure, that it 
may be easily va^sed. As more gaa is- extricated, -more 
water rises, tilt «t lesgth the water in tbe middle vcaaet 
iA\» bf44PW tbe h>wer orifice of the tkbe. Casbonic acid 
g« then paasee ttaroagh the tube into the upper vessd, 
and expelamore of'^ common air by roisio^tbe stopper; 
In tbiS'SlMwtieD the water in both vessebi, being is ceo-' 
tact witb a body of carbonio acid, becomes strsngly im^ 
pngnated wiA tbal fluid after a ceelaift time, tlus cfibct 
amy be basteaed by taking off Ae middle aod upper< 
veesela legetber, aadagitarliDg them. 

The ndre Is the most defectiTe parlef this apparatus ; 
im tke capill^y tube does not admit tbe air through, un~ 
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less there be a Gonudenble quant^y condensed in the' 
lower, ressel, and the condeosation hu in many instances 
bunt the ressel. Fig. 9 shews the ralve of the apparatus. 

OXY-HYDROGEN BLOWPIPE, (see page 60). 
— ^Another oxy-bydrt^n blowpipe has been invented by 
Mr. Gumey, and seems to hare strong claims to atten- 
tion. Notwithstanding all the ingenious contrirances 
for renewing sate Ute oxy-hydrogen blowpipe, as de- 
scribed at page 60, it stQl continued liable to explosions^ 
and many persons have been deterred from luui^ it ou 
that account. The effects capable of being produced by 
this inslrament constitute snob brilliant exhibitions, tend 
so much to the enlargement of the sphere of knowledge, 
and to the improvement of the useful arts, that it is much 
to be regretted its application should be so confined, on 
account of the danger to which the use of it is subject. 
. Mr. Gumey has discovered that explosions may be 
nuidi more effectually prerented, by interposing a cham- 
ber containing a small portion of the inflammable gas be- 
tween the jet and reservoir of gas, than they can be 
by the usual method of intwposing small tubes or wire 
gauze.. Having noticed that very strong mechanical 
pressure applied to the gass in his blowpipe had the 
effect of extinguishing the flame when it was burning, 
and of preventing the gas from taking fire at the jet 
when it. was not burning, it occurred to him that the 
explosion of a small quantity of gas in a chamber be- 
hind the jet pipe might have the same effect, and he 
found it to be so on trial. So that his contrivance 
to render the oxy> hydrogen blowpipe safe is to place 
a small metallic chamber behind the orifice at which 
the gas is enflamed. Should the flame pass h^9k- 
ward, the gas in this small chamber will explode with- 
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■out injury, and the flame will be extinguislied. To 
add Btill g^reater security, the instrument ie furnished 
with another chamber coutaining water, through which 
the gas is made to pass, and which would oppose the 
passage of the flame backwards ; but so coofident is the 
ingenious inventor in the protecting power of the ex- 
ploding chamber, that in many of his experiments he 
does not use the water vessel. 

Fig. 10, plate XII. is a representation of this blow- 
pipe, a is the safety chambers, b is the water vessel, 
through which the gas must pass from (he gasometer d 
by the stop-cock c, and through a tube which reaches to 
the bottom of the water and turns up a little ; e is a cock, 
which in case explosion happens on the surface of the 
water is thrown up, and which takes out to admit water 
to be ponred into the trough when first'nsed ; / a gauge 
which is to indicate' the necessary height of the column of 
water in the trough; g a transferring bladder, which 
screws and unscrews to and from the stop-cock A, by 
which the gasometer is charged by an assistant during 
its action, and the quantity of gas supplied so as to 
keep up a flame for any length of time. Between 
the gasometer and the charging bladder there is a valve ' 
placed to prevent a return of the gas ; t i a light paste- 
board or wood case contrived so as to unite lightness 
with strength, which in case an explosion of the gas- 
ometer happens, is thrown into the air fay the force rup- 
turing the strings by which it is kept down ; from hs 
«xtent of surface and great lightness it will be instantly 
arrested by the action of the atmosphere. To these 
strings are attached small wires, which pass through 
fiOles in the table of the instrument /, and are again 
alRxed to a moveable pressboard below m ; this press- 
board is r^nlated and kept rn a horizontal position by 
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the perpeDdicadar stand a, to that nhca the neccaaary 
nreigbt ar p Tenure is placed on it, it .may dcaw'the iwp i 
hoBzoDtally and eqiuHy on the gasometor d. The gaso- 
jieter bladder or silk Iw^ is tied to a.bla;dderpieci^ whicfa 
sdrewa iata a loojf tube, Jiatd iotoandaeroastbe table of 
the iiHtriiiBeat. TIub bladdei;piei%, to wbuh tbe gaso- 
aeter is tied, permrta it to be unscsrewjad from tiie table 
at pleasure, and immereed in. wann vater, torenderat 
soft when occasioa requires ; or Jn «a»e an accadent jiap- 
jians lo it, altsvu another to be tied «a. To one end of 
the tube which is let into the table of the inalrumeut, the 
8t<qMCod[ of tbe cbargiDg-bladder is attache^, and to tbe 
othar tbe-stc^p-cockxif tbe water trough. 
' When the cap is drawn on the-bladder of silk b^ c«n- 
stituti^g tile gasometer, tbe gas is forced through tbe 
stop-coolc, wattf itwbe, and ultimately tbroughthe BMfetp 
chamber and 4he jet, at the c^eotog -of which it is buot. 
- Tbe iaveotor states -that .this blowpipe maj be sucoesi- 
iklljr aftplied in some importaot (^erations of tbe arts, 
and.Aa(.it may also be Bui:cee;{u% applied in Msalving 
miueralisi^taDCee into their 'Couatitiieat paiSs. 

OXYGEN GAS U01J>£IL— The most convenient 
apparatas for holding considerable quantities (^ oxyg«n 
or bjrdfogeti is that which has been infproved hf SCr. 
Pepys (fig. 7, plate XL.) It^onsiatBof ajapaeaed bon 
or copper resselj « ia tbe ,paa^ wfaicfc contains g«s> and is 
usuallymade capable of boldii^ from six teeigitt gaUsna. 
i> is acistfonfor holding water baviug two tubes opemng 
into it. These tubes supplied wi& stt^'oocks lare aeea 
at-cand d underneath tb« dstem, the raidd^ oae 'die 
coatuiued nearly t« the battom of ithe vessel '; tjbe >oAer 
.one -c <^eas into the loweo- vaaeel a, but m not oofttiannd 
dowttwards. In ^nAet to fiU tlits ressdl watb water, tbe 
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Miog M opflD^ tntoHs powad ■•*» tfae aHtern »bove 
^tbe ftiB»el Rnd tabe wlsch •aawoivir at tfac Itottem of llie 
idaten bsin; rcmoMd), md it desoanda diroagli A* tubes 
and 8t«p-cookH o «»d <(, isd.farotsidieHir aatatK^-wbeD 
the gBH iuMer U nasrly iall, the atoptMck « nust be 
dMed, Hid what remaina •£ t^air will -fiBd its mt-jimt 
throBgb a, until the vtsoal k fuU, tbe atop'-cbck nust 
then h« chwed. To^l tbe vnui Mill cocygen igm, 
nn mm botMe coMtdniDg Uaek vizide «r manfnMm is 
pat iMo Ae fire;; mid a oamnunMadoB bang matt ha- 
twem the 'b*lllde aod itfn .g;aibidder by b metallio iube, 
whicb » introduced vt 1h« apcrtare /-, as soon as 'the iron 
botde attbiai tbe tevperBinrs ef a. ml heat -gM comes 
over, and ascending through tbe water occttpiea 'the 
'opper fort, 1^ wattr idascsnids and fiews out at the aper- 
tWevitfae gasigoekfn^ Thetnbe g iaofgims, and bos 
a eoasaiMieatioD at topiaod bottoa of the ga«h«Mer,awl 
4ievB Ae pMgKM ef its fiUiag aad tbe qMDtil)' of gas 
"Wbinh it ooBtsiBS ait anj- time. When the veaid' .19 swf- 
'ficieady filled with gas, the aperture/ must be «)oBed 
affeotuetty, Tbe gas yitll tban be lemiy £or ttm. If tbe 
.^Hsis to be iransfeireUntD a bladder, a oonaectin^ piece 
imalt be wireired «■ at t, and Khe bladder, previooaly 
furnished with a stop-cock, is acrew&l to the conneMiag 
piece, tbe cistern -mart ikm be fiUed witb water, aad the 
stop-cocks d and e epeaed, 'Ae fnd»r will desoead tbe 
tube d, compress the gas, and cause it to issue at e into 
-the bfedder,; whan 'the stap-cDdn are olseed *fae bladder 
jo^y be witfadvawn. 

Tetraii8fargia8into«bDttle'or,JBr, theTCSB^ which is 
to reeeire 4be gap mast >be £lkd witii water, aad its 
-moHth placed dowtiwu ds, over 4lie hcde above tbe iMe>p- 
oodi c; dm 5top-«avk mint be epened, and also the stop- 



DcmizedbvGoOglc 



SiO Pa» far S&iling Tar. 

cock at tl, the water will, then deioentl by the \oag tube 
in tbe cefltM d, eonpren ihe air, and .caiite it to BBc«»d 
throu^ c into tbe botde or jar, which mast be held a 
very Uttle onone side, that the water may be able t« 
descend out of the bottle HniBterritpted b; the cloce.oos- 
tact of'tbe:iBovitb of die bottle mid the bott«ii of the 
dstern. When the bottle k fall, and the Mop-OM^e 
closed, it may. be removed by introdndnga.cork under 
water; the bottie may then be turned with its mouth 
apwarde. When a jar which is op«i at the bottom ia 
filled, it may be removed by slipping^ a shallow dish 
under tba open part,: below the surface of the water, the 
^a will be prevented irom escaping by tbe water in tbe 
sbaUow didi, that rises a little way above the jar or 
receiver. , , , , 

It will be remembwed that, dnriag all the operationB 
which have been desci^Md, die funnel and long tube 
is renutved by unsorewin^ it at Uie bottom of tbe cis- 
tern { tbe use of this part of the apparatus is now to be 
described. By screwing it on, as it is repreaeated ia the 
figure, and also the jet pipe *, the af^aretns is converted 
into an excellent hydraulic blowp^, while it is kept full 
of water to tbe top of the fnnnel h. When filled with 
oxygen gas it is capable, of producing a very iirtense 
heat. . 

This ga^older is chiefly used for oxygen and hydro- 
gen, bnt oocasionally for other gases. 

PAN for Boiling Tar, Turpentine, Pitch, or other in- 
flammable fluids, fig. i4, plate I. — a.b c are tbe body of 
the pan, d ef a long spout proceeding from it, for pre- - 
venting.any risk of boilmg over; jr, a short spout for 
.pouring out. The pan should, not be. filled above | of its 
.capacity ; and tbe loag i^wut, d tf, should be placed so 
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88 b> be as little hmted » possible. When the fluid 
b^fM to swell and boil up, both from the great increase 
of sur&ce; and from part of it running up the cooler 
apout, d «/, tbs ebulition will b« checked, and all danger 
ofninRing otbt prerented. 

The pnu nsed in laboratories, fig. S, plate VIII., figs. 
to and IS, plate XVI., and fig. 8, plate II:, requires no 
desoription. Tbejr are eni[doyed to concentrate and 
tfucken liquids, or to separate salts or other substances. ' 

PELICAN, fig. 5, plate IX.— A pelican is a glass 
alembic, consisting of one piece. It lias a tubulated 
capital, from which two opposite and croelced beaks pass 
out, tmd enter t^in at the belly of the cucurbit. This 
vessel has been contrired by the alchymists for a conti- 
nued distillalioB, which they call circulation. The vola- 
tile parts of substancea put into t^is vessel rise into the 
capital, and are obliged to return through the* crooked 
beaks into the cucurbit ; and this without interruption, or 
luting or unluting the veasek. 

Although the pelican seems to be a very convenient 
instrument, it is neverth^ess little used, because two mar 
trasses or flasks, fig. 1, plate I. the mouth of one of which 
is inserted in the mouth of the other, produce the same 



PHOSPHORUS ACID APPARATUS, fig. 4, plate 

III. — If phosphorus be exposed in atmospheric air, it 
bums slowly, and exhales smoke from its whole surface. 
This vapour, which emits a strong smell of garlic is 
phosphoric acid. 

Take several glass tubes the lower extremities of which 
u-e made to- taper, so as to end in a small orifice sufficient 
to' afford a passage to the drop of acid which is produced. 
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Put into oach a stick of pbosphonw, and whea tbiu pee- 
' pared, arrange them in a large fuii«el, stuck in a bottle. 
The whole apparatus must be placed on a broad HAt 
oontaiDing water, and nuut be covered with a bell baviag 
apertures in its sides, in order to guard agaiast dual, and 
that there may be always a supply of moist air, which 
greatly accelerates the decomposition »f insensible coot- 
bnstion of the phosphorus. Fig. 9, plate III. exhibits a 
conrenient apparatus for the productiou of phosphorus 
acid. 

Pelletier has taught us another process. One part of 
his apparatus ccmsisls of a long cylinder, into wliieb 
phosphorus is put with water, the cylinder is then placed 
in a bocal, and a supply of boiling water is maintained 
around it, in order to keep the phosphorus in a liquid 
state. The other part is a bent tube, one end of which is 
thrust into the phosphorus, and the other fitted to a large 
receiver, baring a second aperture, to which is adjusted 
a funnel with a cock. When the apparatus is th.ua ar- 
ranged, water is put into the funnel, mtd by opening the 
cock it enters the receiver, and forces the air contained in 
it to pass through the tube. This air in passing through 
the phosphorus combines with it, and jHroduces a com-- 
bustion of the phosphorus, which by these means is oon< 
verted into phosphoric acid. 

When the receiver is full of water, it may be emptied 
by a cock inserted in the lower part of it, 

PHOTOMETER, (Lbsue's,) figs. 3 andA plate XIU. 

For measuring the tnteusity, or at least the calcific action 
of light, no instrument is so finely adapted by its pecuUfff 
delicacy as the Photometer of Leslie, which consists of a 
JHffirentiat Thermometer, inclosed in a thin pellucid 
case, and having one ball a, made of blaok and the ether of 
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elear glasa. Yet, owiirg; to a combination of circBm- 
stances this elejfant iiiBtnnnent has only been partially 
and reluctantly admitted ; and the philosophic world has 
still to diichai^ an act of justice to Professor Leslie, by 
TGceiTing it into the Favour and ^stinction which it 
so well deserres. Some, indeed, affecting to display su- 
perior sag;acity, haye taken the trouble to remark that it 
-was only a species of ttiermoiDeter ; and not strictly a 
photometer, since it measures heat, and not li^fat. But 
what does the thermometer itself indicate, except export' 
Mon f As heat is measored by the expansion it occasions, 
so light is determined by the intensity uf the heat, which 
in every supposition, rnvariably accompanies it. What 
other node, after all, conld be imagined for detecting the 
^esen^e of light ? How can an unknown quantity be 
expounded, bat in terms of one already known f 

Leslie's photometer has two general forms; the one 
portable, fig, 3, in which the black ball, a, is about 
an inch higher than the other, and bent forward to the 
same vertkal line, or the axis of the translucid cylindri- 
cal ease, and the other stationary, having both its balls 
of the same height, and reclining in opposite ways ; the 
case being composed of a wide cylinder, surmounted by 
the larger segment of a hollow glass sphere. The port- 
able thermometer admits likewise an outer wooden case 
of mahogany, which not only protects it from risk or 
injury, but occasionally serves, when out of doors, for 
holding it in an erect pontion. The other form of the 
instrument, (fig. 6,) however, though in some respects 
less eommodiouB, is yet, on the whole, better adapted for 
itice observati<ms, since besides receiving the light more 
regularly, its balls, from being on the same level, are not 
liable to be any how disturbed in their indications by the 
different strata of unequally heated air. 
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The ray« which fall on the clear ball, b, paas through 
it, without suftering obstmction ; but tboee which strike 
the daric ball are stopt and absorbed at its surface, where, 
assuming a latent form, they act as heat. This heat will 
cmntiaue to accumulate, till its farther increase comes to 
be counteracted hy an opporite disperstoii, caused by the 
rise of temperature which the ball has acqmred. At the 
point of equilibrium, therefore, the constant accessions of 
heat derived from the actitai of the imndent light, ton 
exactly equalled by the corresponding pwlions of it, 
again abstracted in the subsequent process of cooling. 
But, in still air, the rate of cooling is, within moderate li- 
mits, proportioned to the excess of the temperature of a 
given surface above that of the surroonding medium. 
Hence the space through which ^e coloured liquid sinks 
in the stem, will measure the momentary impressions of 
light or its actual intensity. To prevent any extraneous 
agitation of the air from accelerating the dischai^ of 
heat at the surface of the black ball, and thereby dimi- 
nisbing the quantity of aggregate effect, the instrument 
is always sheltered, and more especially out of doors, by 
a thin glass case. The addition of this translucid case is 
quite indispensable. It not only precludes all irregular 
action, bat maintains, around the sentient part of the in- 
strument, an atmosphere of perpetual calm. Under the 
same force of incident light, the temperature of the black 
ball must still rise to the same height above that of its 
encircling medium. The case will evidently have some 
influence to confine the beat actually received, and hence 
to warm up the internal air. Wherefore, corresponding to 
this excess, the black ball will acquire a farther elevation 
of temperature ; but the clear ball, being immersed in the 
same fluid, must experience a similar effect, and which 
will exactly counterbalance the former. The diff'erence 
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of temperature between the opposite balls, thus continues 
unaltered; and neither has the size ortheshapeof the case, 
iiOTth&variablestateoftheexterioratinoflphere with respect 
to rest or agitation, any influence whatever to derange or 
modify the results exhibited by this delicate instrument. 
The photometer exhibits distinctly tbe progrese of illu- 
mination from the momiDg*B dawn to the full vigour of 
noon, and thence its gradual decline till evening has 
spread her sober mantle ; it marks the growth of light 
from the wmter solstice to the height of summer, and its 
subsequent decay through the dusky sbades of autumn ; 
and it enables us to tiompare> with Dumerical accuracy, 
the brightness of different countries,— -the brilliant sky of 
Italy, fw instance, with the murky ur of Holland. 

The phot<Hneter u adapted for a variety of meteorolo- 
gical researches. If such instruments, in the hands of 
skilfiil observers, had be«i dispersed to the remote regions 
(rf* the globe, we should ere now have obtained a body of 
precise facts, highly iostructive in themselves, and cal- 
culated to illustrate the nature of different climates. 
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PNEUMATIC DISTILLATORY APPAHATUS, 

(Dr. Ds Butt's) This Name is giren to ft T»'y conveBieat 
distillatory apparatus, invented by Dr, De Butt of BalU- 
iBar«. It coBHstB (as abowB in tbe eubjoiDcd sketcfa) o( 
two or loore bottles. 




Tbe first botde a, w connected by a b^uWnce widi 
tbe tuba of a j-etort, or an adopter; nigli tke botton, on the 
o|ipoBite ai^is anotiier tubulatarevuid in the sext battle 
by at the same beigbtb horn Ibe bottom, i> a'aimBar opea- 
ing ; these are oouucted by a atxta^it tobe witlwat, 
vhich has such a curvature within the bottle a, as to rise 
above the water employed to condense the gas, the snr- 
iace of which is represented by tbe dotted line : the suc- 
ceeding bottles are connected in a similar manner. It is 
obvious that the gas passes forward throngh the bent 
tube, and is transmitted through the water in the next 
bottle ; the tubes may be Etted by grinding, but it is 
difficult to hare this dune with perfect closeness : they 
may therefore be inserted by corks waxed ; and as these 
are not exposed directly to the gas, but are under the 
liquid, they will in general be little acted on. Tubes of 
safety are adapted in a similar manner ; and as it is i(i- 
cOTirenient to detach the bottles, tbe liquor, when the 
distillation is completed, may be drawn off by a sypboo. 



DcmizedbvGoOglc 



Pneumatic Trough. ^it 

inserted bjr (he orifice at the upper torture, or by eui 
aperture in front at the bottom, fitted accurately with a 
iftopper. The peculiar advanteg^e of the apparatss is, 
that all tlie jsiniDgs, with the -exception of the first, are 
under water, and the gas, therefore, ewnoC escape. 
Hence, in diatillatious in which the product is peculiarly 
odensive, as in that <^ chlorine, it affords the best seen" 
rity against any noxious effect 

PNEUMATIC TROUGH, oa Cisters.— The disco- 
yery of gaaeoos fluids has, in modern chemistry, oc- 
casitHied the necessity of some peculiar inatrumente, by 
means of whi^ those substances may be caught, col- 
lected, and properly mauaged. The instruments for thia 
are styled the pneumatic apparatus. 

a. Fig. 15, pbite IV. q, fig. 14, plate IL or figs. 16, 18, 
plate II. or j, fig. 42, plate I. represent a wooden or 
metal Tassel, or tub; b, fig. 14, and fig. 18, plate II. fig. 
15, plate IV. is a shelf fixed in the tnb. When this appa- 
ratus is used, the trough is to befiUed witb.water to audi 
%A height as to rise about one inch above the upper sur- 
face of the riielf. a is a glass jar inverted with its mouth 
downwards, which reata upon the dielf. If this, or any 
other vessds open wily at one end, be plunged under the 
water, and an inserted after they are filled, they will re- 
main full, notmthstanding their being raised out of the 
water, provided their mouths 4>e kept inunersed ; for in 
this case the water is sustaiued by the pressure of the at- 
moepbere in the same manner as the mercury in the baro- 
meter. It may without difficulty be imagined, that if 
common air, or any other fluid resembling common air in 
lightness and elasticity, be suffered to enter these vessels, 
it will rise to the upper part, and the surface of the water 
will subside. If a bottle, a cup, or any other vessel is 



DcmizedbvGoOglc 



218 PHeumatic Trough.' 

tbat state wliicti is usually cdled empiy, though reaUjr. 
full of air be plun^^ into the water, with its nrautb 
downwards, scared; any water will enter, becaase il» 
entrance is opposed by tfae elasticity of the included, 
air; bat if the vessel be turned up, it imme^ately fills^ 
and the air rises in one or more bubbles to the surface. 
Suppose this operation to be performed under one of 
the jars which are filled with water : the air will aac^id 
as before i but instead of escaping, it will be detained in 
the upper part of the jar. In this manner, therefore, we 
Me tbat air may be emptied out of one ressel into another,- 
by an inverted, pouring. In which the air is made tot 
ascend from the lower to the upper vessel, in whteli 
the experiments are perCmned by the action of the 
weightier fluid, exactly similar to the coiiamon pouring 
of denser fluids, detained in the bottoms of open vessels 
by the simple action of gravity. When, the receiving 
vessel has a narrow netk, the air may be poured Uirougb 
a glass fdnae]. Thus the apparatus, fig. 17, plate II., is 
an extemporaaeous pueunatic trough. .It consists of a 
common earthen-ware wash-hud basin, across the rim. 
ofwhicfa is placed a board four or five inches wide, and 
about ^of an inch thick, having a slit terminating in a 
bole, cut in the centre of the board, which bole serves to 
receive the inverted common quart bottle, as shown 
in the drawing. The flask of the apparatus is furnished 
with a bent glass tube, wbioh connects it with the bottle, 
atod iserves to convey the gas from the flask to tfae bottle ; 
for one extremity of this tube passes air-tight through 
the c(H-k in the neck of the flask, whilst the other end is 
inserted iuto the neck of the inverted bottle, a ; fig. 13, 
.plate IV. is one of the most convenient kinds of pneuma- 
tic trough, for private use, it is made of thin tinned iroa 
japanned, generally 18 inches long, 9 broad, and 14 deep. 
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Abont 3| inches from ihe top is tfae shelf k, of the same 
material, exteodini^ entirely across the trough, and rather, 
Bwre than a diird of tts length, and fixed in its ntuatiMi, 
when required, by two strong wires. A trough of this 
size and constraction is very light when empty, and large 
enough for most operations. 

PNEUMATIC TROUGH, Mbrcuriai., Fig. 7, and 
27, plate IV. and fig. 8, is a transyerse section of fig. 8. — 
Many kinds of gases combine with water, and therefore 
require to be managed in a trough in which quicksilver 
is made use of. This fluid being very ponderous, and of 
considerable price, is an object of convenience as well as 
of economy, that the trough and vessels should be much 
smaller than when water is used. To accomplish this 
object only one side of the trough is si^nk deep, being 
equally convenient for the immersion of a jar. The shelf 
in a trough of this construction is on each side of the 
well, as shown b, b, in 6g. 8. 

Fig. 37, plate IV. is a very convenient pneumatic mer- 
curial trough. It consists of a mahogany box a, b, stand- 
ing in a tray e, made of the same wood. The principal 
parts of this apparatus are, the shelves of the trough and 
the bottom. The reservoir, properly so called, is the in - 
terval between these two planes. The advantage of this 
apparatus consists in having a broad solid shelf on one 
side of the trough, as shewn in fig. 8, plate IV., and 
a narrow sliding shelf, with a hole in the centre, which 
communicates with a funnel shaped opening on the side 
of a large shelf. Vessels placed on tbesliding shelf may 
be conveniently filled with gas, by directing the con- 
veying tube of a gas bottle, or the neck of a retort into 
this excavation, and then sliding it on the large shelf 
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oftheaftpRrattia, whick, frwn beings on one side of tlttf 
troDgh, MiabiM the operalcv to perfonn his exprnaeiito 
vHh a leas quantity c^ mercury, and In an easier raan- 
■er tkan in the Irou^s ^ tbe wniat eoMtniction. The 
tray a, is weful for ooUeetiBg; tnereiiry which may 
• be spilled. The foHowing sketch readers the construc- 
tion of the trough more oltvious. 




Tlie -following sketch exhibits the method of trans- 
fering gases, by means of the pneumatic trough into 
bladders. 
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By sliding the receiver a, furnished with a bladder 
and stop-cock, from the shelf £, and pressing it into the 
trough, the air becomes transferred when the stop-cocks 
are opened into the bladder c. 

POTASSIUM APPARATUS, Fig. 8, plate X.— 
(See page 34.) 

PRECIPITATING GLASS, figs. 5 and 6, plate XI., 
and figs. 8 and 9, plate XVI.— Are oval cylindrical 
glasses in vhicfa precipitations are performed, in order to 
cdUeet the separated matter into less room. They are 
either cyliwlrieal, and furnished like those represented 
figs. 8 and 9, which are also called decanting jars, or 
tliey are cornea/, as figs. 5 and 6, plate XI. They are 
funiiahed with lipa for conv^tiently decanting the fluid 
f«im the preci^iate at the bottom. 

PUMP, Pneumatic. — ^The pneumatic or air-pump is 
One of the most useful of all philosophical instrumeuts. 
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the actions of which depend on tfae mechanical properties 
of air. By the help of this machine the physical propeiliea 
of air may be demonstrated in the most simple and elegant 
manner. Its construction is as follows : and will be ob- 
Tious from the subjoined sketch, e, e, is a square table of 




wood, A A are two strong barrels or tubes of brass, firmly 
retained in their position by the piece of wood t t, which 
is pressed on them by screws o o, fixed on the tops of tiie 
brass pillars n n. These .barrels communicate with 
a caTily in tbe lower part or bed of i>. At the bot- 
tom within each barrel is fixed a valve, opening up- 
wards, and in each a piston works, having a valve 
likewise opening upwards. The pistons are moved by a 
cog-wheel iu the piece t t, turning by the handle b, and 
whose teeth catch in the racks of the pistons c t, r, is 
a circular brass plate, ground perfectly smooth, having 
near its center tfae orifice k of a concealed pipe, that com- 
municates with the cavity ; in tbe piece or bed of the 
pump D at V, is a screw that closes the orifice of anoUier 
pipe, for the purpose of admitting the external air when 
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required, l h, is a glass receiver, out of which the air 
is to foe exhausted. It is placed on the brass plate p 
'Slightly greased to prevent the air from insinuating itself 
under the edge of the glass receiver. 

When the handle b is turned, one of the pistons in 
the barrel a is raised, and the other depressed ; a void 
space is consequently left between the raised piston and 
the lower v^ve in the correspondent barrel ; the air con- 
tained in the glass receiver t h, conununicating with the 
barrel by the orifice k, on the ground brass plate, imme- 
diately nuses the lower valve by its spring, and expands 
into the void space; ^ndthusa part of the air in the re- 
ceiver is extracted. The handle then being tarned the 
contrary way, raises tbe other pistons, and performs the 
same act in its correspondent barrel ; while in the mean 
time, the first mentioned piston being depressed, tbe air, 
by its eli^icity closes the lower valve, and raising the 
valve in the piston, makes its escape. The motion of the 
handle being reversed, the first barrel again exhausts 
while the second discharges the air in its turn : and thus 
during the time the pump is worked, one barrel exhausts. 
the air from the receiver, while the other discharges it 
through the valve in its piston. 

Hence it is evident, that the vacuum in the receiver of 
the air-pump can never he perfect ; that is, the air can 
never be entirely exhausted : for it is the spring of the 
air in the receiver that raises the valve, and forces air into 
the barrel, and the barrel at each exhaustion can only 
talte away a certfun part of the remaining air, which is in 
proportion to the quantity before the stroke, as the capa- 
city of the barrel is to that of the barrel and receiver 
added into one sum. 

This, however, is an imperfection that is seldom, if ever 
of any consequence in practice, because all air-pumps, at 
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a certana pcrkvd of ^e eKbaiistioti,ee9ue to act, oD account 
of thfek unperfect eonAtritctioi]. For tbe valves uBiially 
Consist of a piece of oiled bladder or varai^ed sHk tted 
over a hole so tbat the a^ ia at liberty to pase by lifting 
up tbe varnifibed silk «x bladder, bnt casDot retura again, 
and there will uaavoidably be a small space left betlreeB 
the lower valve aad tbe piston when dowe. New, it 
will bappea, when tbe air ia the receiver is very rwe, 
tbat its elasticity will not be strung enough tc overcome 
the adbeeicn of the vi^niirfied silk or bladder, forming 
the lower valve, which consequently, will reieain shut, 
and the exhaustion cannot [ovceed. Or, before tbis pe- 
riod, it Key bappea, tbat the air between tbe valves when 
the piston ia ep may be so smell as to lie in tbe space be- 
tween tbe two valves when the pist^ is down witbent 
being suffieiently 'Condensed tar its elasticity to overoMne 
tbe adhesion of the varnished silk or bladder-valve, and 
tbe weight of the atmosphere thai presses it : in tbis ease 
the Hpper valve wUt remain shut, and the exhaustion can- 
BOt proceed. In the best consbueted air-pumps these 
inperfeotions are in a great degree removed. 

In measuring^ tbe exbiuistisn ^ected by tbe purap^ 
there are two methods of proceeding. Tbe ene shews die 
density of tbe air left in thereeeiver i. u, without regard- 
ing mcb vE^urs as ttiay assuie an elastic fmn in tbe 
' vacnum : tbe other exhibits the elasticity ^tbe air in tbe 
receiver, withoat shewing whether it be permanently 
elastio air. The quantity of air is shewn by an instnt- 
ment called the pear-gage. It consists of a glass vessel 
in the form of a pear, with graduations near its upper 
end, that denote certain known parts of its bulk. This 
ia included in the receiver, together with a vessel of mar- 
aury, into which its naath may be occasionaLly pliuigied. 
When the exhaustion is made, the pear-gage is ^unged 
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into the meronry, md tbe external aii' admitted into the 
receiver. The ma-oary rises in the ga^, »d oceupiee 
tbe wbote ef its cavity, except a apace at top, possessed 
by a bobble of air, whose ma^itade is known from the 
gradoatioBS, and is in proportion to the whole contents 
of the gage, as (be qsantity of air in the exhausted re<- 
ceiTer is to an equal Tolnote of tbe oommoo atmospheri- 
eal air. 

Tbn g^e would be accnrate for all purposes, if it 
were not that most flnid or moist substances assame a* 
ela^ic form, when tbe pressure of the Ettmosphere is re- 
moved. Fur this reason it seMfno iitdicaies the elasticity 
4nr actual pressure o( tbe fluid remaining in the receiver. 
The baremeter gage ia naed for this purpose. If a baro- 
. meter be included beneath a receiver, tbe mercury will 
atandattbe mme heiglitas intiieopen airj but when the 
reeeirer begins to be exhausted, tbe mercury will descend, 
and rest at a height which is in proportion to Us former 
hei^it as the spring of the remaining air is to its original 
spring or elaaticity beftve tbe exhaustion. It ia usual to 
aay, tbe air is as many tines rarer than the atmosphere, as 
the cohimn it sustains ia less than the height the mercnVy 
«t»nds at ia a detached barometer. On. aocount of the 
inconvenience of including a barwneter in a receiver, a 
tube of six or eight inches length is filled with mercury, 
and inverted in the sune isanner as tF 3 barometer. This 
being incladed, aiMwers tbe same purpose, with no other 
diffhrence than ttwt the mereiuy does not begin to descend 
till aboutthree-fonrthsofthe air is exhausted. It is called 
tbe short barometer gage. Others place a tube, of a 
greater length than the barometer,' with its lower end in a 
vessel of mercury, while its apper end communicates vritK 
the leeeiver. Here tbe mercury rises as tbe exhaustion 
proceeds, and the pressure of the remaining air is shewn 
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by the difference between its height and that of the btfro- 
meter. This is called the tong barometer gage. 

These ^^s are not often coostrocted so as to answer 
the purpose of shewing tbe de^ee of exhaustion to a 
great degree. ' For the mercnry, diougfi at first bolted, 
to clear it of the air and moisturfl that adhere to it, and 
.render it sensibly lighter, gradoally becomes again con- 
taminated by expcsore to the air In the basin of eitber 
g^e, Tbey cannot therefore with strictness be compared 
to a good barometer in which this does not happen. If tbe 
.tubes of the gages be less than half an inch iu diameter, 
thti mercury will be sensibly repelled downwards, so as to 
require a correction for the long gage when compared 
with a barometer, whose tube is of a different bore, and to 
render the shortgage useless in great exhaustions. Thus, 
for example, if thesbwt gage have a tube of one-tenth of 
an inch in diameter, the mercury will fall to the lorel of 
the basin when the exhaustion is 150 times, and will 
8tabd below the level for all greater degrees of rareftc- 
faction. These difficulties may oil be remoTed,by making 
the short gage in the form of an inverted syphon, with 
one leg open, and the other hermetically sealed. It murt 
be confessed, however, that it is not easy to boil tbe mer- 
cury .in these ; and tbe method of doing It with success 
cannot, with sofflcient conciseness, be described here. 

Few air-pumps exhaust to so great a degree as tme 
thousand times by the barometer gage ; bnt tbe pear- 
gage in some circumstances will indicate an exhaustion 
of many thousand times. 

PYROMETER, {Wedowood's.)— Fig. 7, plate XIV. 
An instrument contrived for measuring the expansions and 
contractions of solid bodies by changes of temperature. 
; We shall here give an account of Wedgwood's pyrome- 
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ter, and subjoin a brief description of that constructed by 
Ouyton. 

A measure for the higher degrees of beat, such as the 
comtnoQ thermometers afford for the lower ones, would be 
an important acquisition both to the philosopher and the 
practical artist. When we are told, for instance, tliat 
such and such materials were changed by fire into a fine 
white,yeUow, green, or other coloured glass, and hud that 
these effects do not happen, unless a particular degree of 
fire have fortunately been hit upon, which degree we 
cannot be sure of succeeding in again — When 4e are dis- 
appointed by baring the result at some times an unyitri- 
fied mass, and at others an overvitritied scoria, from a 
little deficiency or excess of heat — when we see colours 
altered not only in shade but in kind, and in many cases 
destroyed by a small augmentation of the heat which had 
produced them, how much is it. to be wished that the 
authors bad been able to convey to us a measure of the 
beat made use of in their valuable processes ! 

Mr, Wedgwood^ in a long course of experiments for the 
improTement of the manufacture he is engaged in, found 
some of his greatest difficulties to arise from not being able 
to ascertain the heat, to which the experiment-pieces bad 
been exposed ; and having no other resource, be was 
obliged at first to content himself with siicb measures as 
his own kilns and the different parts of tbem afforded. 
Thus the kiln in which his glazed ware is lired furnishes 
three measures, the bottom being of one heat, the middle 
of a greater, and the top still greater ; the kiln in which 
the bbcuit ware is fired, furnishes three or four others, of 
higher degrees of heat ; aud by these he marked his re- 
gistered experiments. But these measures were ueither 
fully adequate to his own views, nor capable of being com- 
municated to others; their use is confined to a particular ., 
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structure of fnrnaceB, and mode of firiog, an<l upon any 
alteration in these, they would become uselegs and unin- 
t^igible, even where now they we beat known. And 
indeed as this part of the operation is performed by work- 
men of the lowest class, it is impossible to depend upon 
any great accuracy even in one and tlie same furnace. It 
has accordingly often happened, that the pieces fired in 
the top of the kiln in one experiment have been made no 
hotter than those fired in the middle in another, aoA vice 
versa. 

The force of fire, in its bigher as well as lower stages' 
can no otherwise be justly ascertained then by its effects 
upon some known body. Mr. Wedgwood observed, that 
compositioaB of oxides of iron with clay assumed, from 
different degrees of fire, such a number of distinct co- 
lours and shades as promised to afford useful critraifi of 
the respeclive degrees. 

With this idea be prepared a quantity of such a compo- 
sition, and formed it into circular pieces, about an inch in 
diameter, and a quarter of an inch thick. A number of 
these were placed in a kiln, in which the fire was gradu- 
ally augmented, with as much uniformity and regularity as 
possible, for near sixty hours. The pieces taken out at 
equal intervals of time during this successive increase of 
heat, and piled in their order upon one another in a glass 
tube, exhibited a regular and pretty extensive Morin of 
colours ; frtMU a flesh colour to a deep brownish red, 
thence to chocolate, and so on nearly to black, with all 
the intermediate tints between these colours. A back 
being fixed to the tube, like the scalo of a tbennimieter, 
and the number of the pieces marked upon it respectively 
opposite to them, it is obvious, that these numbers may be 
considered as so many thermometric divisions or degpeea ; 
and that if another piece of the same cmnpesitioD b«.fir«d 
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in any otlier kiln, or fiamace, not exceeding Uie utmoat 
beat of the first, it wHI acquire a colour corresponding to 
some of the pieces in the tube, and thus point out the de- 
cree of heat whi<^ that piece, and consequently such other 
matters as were in the fire along with it, have undergone. 
, It must, however^ be confessed, that for general use, a 
thermometer on this principle is liable to objection, as 
ideas of colour are not perfectly communicable by words; 
nor are all eyes, or all light, equ^ly adapted for distin- 
guishing them, especially the shades which approach near 
to one another; and the effects of vapours in altering the 
colour, may not in all cases be easily guarded agwnst. 

In considering this subject attentively, another property 
of argilliceous bodies occnrred to Mr. Wedgwood; 
vif . the diminution o^ their bulk by fire. This he found 
to t»e a more accurate and exteusire measure of heat than 
the different shades of colour. 

He found that this diminution takes place in a low red 
beat ; and that it proceeds regularly, as the beat increases, 
till the clay becomes vitrified, and consequently to the 
utmost degree that crucibles or other vessels made of this 
'material can support. The total coBtraction of some 
good days, which he examined in the strongest of his own 
fires, is considerably mwe than one-fourth part in every 
dimeaaien . 

The contraction the clay Buffers b permanent, *x it does 
not return to its former dimensions when cold ; (he degree 
of contraction, therefore, can be ascertained without wiy 
fallacy from the existing temperature, and will indicate 
the extreme of temperature to which it has been exposed. 

This pyrometer consists of a gage, fig- 7, plate XIV. 
composed of two straight pieces of brass, a, b, twenty-four 
inches long, divided into inches and tenths, and fixed on a 
brass plate, c, rf, e, f, so as to converge ; the space be-. 
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tween them at the one extreiAity' bdng fire-ten tlis of ait 
inch, and at' the other three-tenths. The clay well 
washed is kaeaded, and fashioned into small cylindersi 
flattened on one side, made in a mould, so as to be 
adapted exactly to the wider end, after having' been 
heated to redness. It is evident, that in exposing one of 
these pieces to a high temperature, the contraction if has 
snffered may be measured by the length to which it can 
be slid in the converging groove*. 

To add to the utility of this instrument,' by connecting 
it with the mercurial thermometer, and by ascertaining 
the proportion between the degrees of each, Mr. Wedg- 
wood made a series of experiments. The scale of his 
pyrometer commences at red-heat visible in day-light. 
The mercurial thermometer cannot easily measure any 
temperature above 500° or 550°. To measure the inter- 
val between the termination of the scale in the one and its 
commencement in the other, he employed the expansions 
of a square piece of silver, measured in a gage of earthen- 
ware, constructed in the same way as his pyrometer ; and 
by the same method he found out the proportion between 
each degree of his scale, and the usual thcrmometrical 
scales. Each degree of his pyrometer he found to be 
equal to 130° of Fahrenheit. The commencement of his 
scale, or the point marked 0, corresponds with 1077f " of 
Fahrenheit's scale. Hence it is easy to reduce either to 
the other, through their whole range. The scale of 
Wedgwood includes an extent of temperature equal to 
about 32000" of Fahr. or 54 times as much as that 
between the freezing and boilingpoints of mercury. f Its 
commencement is at 1077 j^ of Fahr. or red-heat visible 

• Philuaopliical TraoMctions.Tol. Ixxii. p- 310. 
t PUilosoi)hical Transactions, vol. Uxiv. p. 310, 
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ID day-light; its extremity U 310"; but the highest 
heut that he measured with it is 160°, or 31,877° of 
Fahr. this being the tempei^ture of a small air-fiirnace, 
and 30° of the scale abore the point at which cast- 
iroD melts. Guyton has more lately affirmed, that the 
relation which Mr. Wedgwood assigned to the degrees 
in his scale, and those of the usual thennometrical scales, 
is altogether incorrect. Instead of each degree being 
equ^ to 130° of Fahr. scale, it is equal only to 02.5: 
instead of 1077 of Fahr. corresponding in number with 
the commencement of Wedgwood's, 517 is the cor- 
responding number; and of course all the higher parts 
of the pyrometrical scale indicate ihermometrical de- 
grees by far toO' great ; the heat of a forge, for example, 
instead of being equal, as Wedgwood estimates it, to 
17837 af Fahr. is equal only to 8696. The error, 
Guyton supposes to have arisen from Mr. Wedg- 
wood having stated the fusibility of silver too high ; 
instead of indicating 38° on his scale, as he determines 
it, it appears from all the experiments that have been 
made by others to be only 23". That Wedgwood's de- 
grees are actually stated too high in relation to the usual 
thennometrical scale, appears from some farther observa- 
tion«. Dr. Irvine, for example, from a number of trials, 
found reason to believe that the heat of a common 6re is 
equal to abont 790 of Fahr. while Wedgwood states 
red-heat visible in day-light, which must be rather below 
the other, at 1077. Guyton, however, reduces them too 
low : the commencement of Wedgwqpd's scale, denoted 
by red-heal, is certainly higher than £17° of Fahr., the 
number which Guyton assigns; for this temperature, and 
considerably beyond it, is measurable both by mercury 
and oil, neither of which sustains a red-heat. 
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A Pyrometer lias been iaveated by Guyton for iodU 
eatings high temperatures, id whidi platina is employed 
to neasiire the degrees of expansion. A red or plate 
of ttis metfd is placed faortEontally in a groove, made in 
amain ofhighly baked white May ; one extremity of the 
rod or plate is supported on the mass wfaich terminates 
the groove ; the other presses agnlnst a bended lever, of 
platina, the longest arm of which forms an index to a 
graduated uc. The expansion which the rod of metiJ 
andergoes by exposure to heat, is shewn by the changes 
in the position in this index. The mass of <^y, having 
been previously hardened and contracted, by great faetf, 
will not be liable to any important error from its contrac- 
tion ; and the alteration whidi it may aaCer, during ex- 
poanre to hetf, will affect only the small distaaee be- 
tween the axis of motion of the index, and the point of 
contact of the plate, so as rather to diminish the effect 
than to encreaae it. Platina not being liable to chemi- 
cal action on bewg heated, and being infusible at the 
highest heat which is reijutred to be measured, it is welt 
'< adapted to the construction of a Pyrometer. 

Dr. tJi^e proposes a pjrrometer capable of indicating 
high degrees of heat, by the expansion of air. As dry 
air has been (band to increase in v<d<iHBe4ths for 180 de- 
grees of temperature, and as there is reasoB to believe 
that uniform increments of faeat would occasion anifona 
degrees of expansion, the doctor recommends to form a 
balb and tube of platinum, of exactly the same i«rm as 
a thermometer, and connect with the extremity »f the 
stem, at right angles, a glass tnbe of onifem calibre, 
ftlled with iQMVury, and terminating below in a recurved 
bulb, like that of the Italian barometer. Graduate tbe 
glass tube into a series af spaces, equivalent to -Itbs ^ 
the total volume of the capacity of the platina bulb, 
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wilb Iths of iU stem. The other fourth may be supposed 
to be little influenoed by the source ofhest. On plungini; 
the bulb aud ^^s of the stem into a farnaoe, the depres- 
sioo (^ the mercury will indicate the degree of h^at. 
As the movement of the columu will be very oouaidera- 
ble, it will be scarcely worth while to introduce any cor- 
rection for the change of the initial volume by barometric 
variatioB. Or the instrument might be made with the 
recurved bulb sealed, as in professor Leslie's differential 
thermometers. The glass tube may be joined by fusioa 
to tbeplatiaum tube. Care must betaken to let no mer- 
cury enter the platinum hulb. Should there be a me- 
chanical difficulty in making a bulb of this metal, then 
a hollow cylinder of 4 mch diameter wiA a platinum 
stem, like that (tf a tobacco-pipe screwed into it, will suit 
equally well. 

A great number of Pyrometers of inferior importance 
have been invented, and iageniously contrived for the 
purpose of .measuring low degrees of temperature, by 
the expansion of metallio bars, &c. which are made to 
indicate changes by moving wheels, levers, and other 
mechanical contrivances. 

RASPS are usually considered as requisite parts of 
the furniture of a Laboratory ; the forms of tboae which 
are Ukely to be most usefu! are represented at fig. 3, 
and tig. 4, plate 2. 

REFLECTORS (Pictet's) fia; experiments with 
radiant haat, fig. 10, Plate 14. These concave reflectors 
a, and b, are usually made of planished tinned iron 
plate, about 12 inches diameter, and segments of a 
sphere of nine inches radius^ (hey must be ftslened by 
sliding rings and screws oa Bietallic stands c, c. To 
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show that invisible rays of heat are radiated from a hot 
body Ibrough space, and reflected from polished suf' 
&ce8, as li^ht is, let the two rellectors upon their stands 
be placed upon a table, about six feet apart, and ex- 
actly opposite to one anotberj let a heated ball d, be 
placed in the focus of tbe mirror a, there being a tempo- 
rary screeu of glaits or paper interposed between them. 
Id tbe focus of the reflector b, place an air Ibermometer, 
e, remove the screen from between the heated ball and 
the reflector a, and rays of heat will proceed from tbe 
ball in erery direction, the mirror will receive some of 
them on ev^y part of its surface, and tbe rays wbich 
fall upon it will be reflected in straig'ht lines towards the 
mirror b, from the surface of wbich they will be again 
reflected,, and made to converge to a focus upon the 
bulb of the air thermometer. The heat in the focus oi 
these rays being considerable, the air within the bulb of 
tbe thermometer will be heated, and by its expansion^ 
drive the liquid down to the bottom of the tube. Place 
the screen again between the ball (f, and tbe mirror a, 
and the beat whicb afleets tbe thermometer will be in^ 
tercepted, tbe air wilt contract in bulk, and the litjuid 
will rise again in Ibe tube. A flask of hot water may be 
occasionally used instead of the heated ball. 

A quantity of ice or snow in a glass vessel being sub- 
stituted for the heated ball in tbe focus of the mirrm* a, 
radiation of heat will take place in tbe opposite direction ; 
tbe bulb of tbe thermometer, in that case, being the hot- 
test body, the air w^hin tbe thermometer, losing its heat 
by this radiation, contracts in balk and allows tbe li- 
quid in the tube to rise higher up. 

These mirrors may be used to illustrate tbe different 
radiating powers of different surfaces. For tfais pur- 
pose a canister of tinned iron plate, forming a cube of 
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ab«ut 6 inches, is generally used. Tbe canister should 
have one Mde painted with lamp black, another should 
be scratched with sand paper, the third tarnished with 
quick silver, and the fourth should be left bright. 
When this canister is placed befure the reflector a, in- 
stead of the heated ball, if the bright side be turned to- 
wards the reflector a, very little effect will he produced 
upon the air thermometer in the focus of the other re- 
flector c, but if the black side of the canister be turned 
towards a, the thermometer in the focus of b will be 
heated, and -the descent of the liquid will mark the 
difference. Intermediate degrees of efl^ect may be pro- 
duced by turning the other sides mentioned towards the 
reflector. By experiments like these, it is proved that 
polished metallic surfaces have least radiating power 
or in other words that they conflne the heat most effec- 
tually, and that blackened surfaces have (he greatest 
radiating power ; or they are least capable of conflning 
heat. These properties of black and of bright metallic 
surfaces may also he conveniently proved, by flilingtwo 
tinned iron canisters of equal size, one black and the 
other bright, with boiling water; if the temperature of 
each vessel be tried by plunging the bulb of a thermo- 
meter into them, about ten minutes or a quarter of an 
hour afterwards, the water in the white vessel will be 
found considerably bolter than that in tbe black one, be< 
cause the superior radiating power of the black vessel 
will enable the water which it contains, to cool much 
faster. 

RECEIVER. See Air Jak, page 33; Bell Glass, 
page 53; and Balloon, page 46. 

RETORT. Retorts are made for various processes 

DcmizedbvGoOglc 



iM6 Sacharomeier, 

in the arts of different melala, bat those iu common use 
are chiefly of glass or eartbeoware. They are either 
plMO oc tabulated ; pliun retorts are such as have no 
other opeoiug beade that at th« end of the tube. Plaiq 
retorts, to be conTBuieat, should be rather iride iu 
the Deck or tube ; they should be very thin at the 
part where heat is to be applied, that they may bear 
sodden chaages of temperature without cracking; and, 
for some purposes to which ttiey are applied, particu- 
larly whm they are to be exhausted of air, t^ey should 
be round and not flat at the bent part. Tubulated re- 
torts have ao opening at the bent part, supplied with a 
stopper for the convenience of charging them. Several 
representations of each kind may be seen in the pltites. 
Retorts of green glass are found preferable for some 
experiments. Glass retorts require some managemeut 
and care to prevent them from breaking; if any solid 
substance be put into a retort which adheres to the 
bottom of it when over a lamp, it is almost sure to break; 
if a retort be laid down while hot upon a oibstance ca- 
pable of conducting away the heat from it rather quickly, 
there is almost a certainty that it will break ; but it 
may be laid down upon a piece of woollen cluth, or on 
dry glass with safety. 

SACHAROMETER, an iDstruwent used by brewers 
for measuring the strength of wort, upon the priodlple 
oftbe Hydrometer already explained. Its name im- 
plies that it is an indicator of the quantity of sugar con- 
tained in the wort, but this name is incorrect, for it mea- 
sure the whole quantity of solid substance dissolved in 
the water of which the wort is made. The instrument 
is composed of alarge hollow bulb with a small heavy 
one under it, and a stem abore the bulb with a gra^u- 
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ated scale of an hundred equal parts upon it, comineoc- 
iog at the top. The weig^ht of the instruineot and the 
graduatiob of the scale, are so adjusted to one aaother, 
as to allow the stem to sink in distilled water, attiie tem- 
peratnre of 70*. to the c<«iDieDComeDt of the scale; but 
when it isplun^^ into any liquor of die same tempera- 
ture, the specific gravity of which is 1,100, it wilUink only^ 
tothenark 100 upon the scale, which isjustabovethe bulb. 
Since the specific gravity of wort, which is intended 
for ale, is usually from about 1,090, to 1,100, and the 
specific gravity of wort for table b^r from 1,030, to 
1,030, it will be obvious that an iDStmment sudi as has 
been described, must be very useful and very effectual 
in ascertaining the required degree^ of specific gravity. 

SPIRIT LAMP, figs. S7, 98, plate I.— For chemical 
experiments upon a small scale, this ie by far the most 
convenient kind of ]>mp, a« the flame of spirit of wine 
does not blacken, or in any degree, soil the vessel to 
which it is ^plied ; and as the degree of lieat may be 
regulated merely by raising the wick higher up, or by 
drawing it lower down. Any short, small glass bottle 
may be made to answer for a spirit lamp, but the diapes 
represented in the plate are those generally used, and 
in order to prevent waste of the spirit by evaporation, 
the lamp requires to Imve a glass cap fitted to it by 
^nding, so as to enclose the wick air tight. 

STILL, Metallic.^ — The distillatory apparatna used 
in experimental chemistry is mostly made of glass, but 
08 small metallic stiUIs are useful for some purposes, 
such as the d^tillation of water, they require to be de- 
scribed. The most usual'form of metallic still is that 
whiefa is represented, plate XII. fig. 1. The body or 
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boikr of the stiti a, and the head or capital b, are made 
of copper; the worm tub c, is of wood, and tbe-worin H, 
of any conrenient metal. The liquid which is to be 
ooDverteA into vapour is put into a, and made to boil by 
the application of beat; before the capital b becomes 
hot, a portion »f the vapour will be condensed by the cold 
of its sides, bat it is soon too much heated to condense the 
vapour; it then paBeeBoverinto the refrigeratory or worm 
d, which is cocded by a quantity of cold water in the 
tube ; this water receiving the heat which is set free by the 
vapour, when It condenses into a fluid, is rapidly heated, 
and requires to be changed when the dietillation is con- 
tinued for any length of time. The vapour arising from 
the still is thus condensed, by passing through the refri- 
geratory, and runs out in tbe fluid form at the end of the 
spiral pipe e, into the receiver/, — g is the stand upon 
which the worm tub is placed. 

1 Distillation, upon a large scale, is performed in an ap- 
ptuatufl very similar to that which has been described. 
Tbe object of (be distiller of spirituous liquors is to se- 
parate the alcohol, which has been previously formed by 
the process of fermentation, from the water with which 
it is mingled. The spirit of wine being more easily con- 
verted into vapour than tbe water, the vapour of the 
spirit rises first, atid, being condensed by cold, is ob- 
tained in tbe liquid form. - If it is desirable to enerease 
the strength of tbe spirit, by freeing it from more of the 
watery particles, that still adhere 4o it, this may be done 
by distilling it again. Great care is required to prevent 
loss of the spirit by evaporation, and also to prevent ■( 
from aoquiiring a disagreeable flavour in the process of 
distillation. A great number of different contrivances 
base been introduced into the construction of the still, 
another form of thiS' apparatus may be seen, plate 13, 

DcmizedbvGoOglc 



Syphon. 369 

fig. 10, ill wbich the condensing veasel is a cylinder 
instead of a spiral tube. 

SYPHON. An iustrument which is sometimes re- 
quired to be used in the laboratory, for drawing fluids 
out of vessels that do not admit of being moved. 

Different forms of this instrument may be seen at figs. 
18 and 35, plate I, and fig. 7, plate II.— Where a tube 
of the form, fig. 35, is exhausted of air, by applying the 
mouth to the tube that is attached to the long side, the 
lower aperture being closed by a finger, or in any other 
way, and the aperture of the short side being immersed 
in water, the instrument is filled with water ; and if the 
finger be then removed from the aperture of the long 
side, the water will flow out at that aperture as long as 
the short end is under the surface of the water in the 
vessel. The efiect seems to depend partly upon gravity, 
and partly upon the pressure of air. When the fin- 
ger is first removed, the water, yeilding to thft influence 
of gravitation, flows out, and this occasions the pressure 
to be removed from the inside of tbe tube, so that the 
pressure of the air on the outside, not being balancedwith- 
in, causes the water to ascend and flow over, just as it 
would do if the tube were entirely exhausted of air. 

SYPHON, (Dr. Ube's) for the analysis of gaseous 
matter by explosion. It is thus described by the in- 
ventor. It consists of a glass syphon, having an inte- 
rior diameter of from Tc'bs to iVbs of an inch. Its legs 
are of nearly equal length, each being from six to nine 
inches long. The open extremity is slightly funneh- 
shaped ; the other is hermetically sealed ; and has in- 
serted near it, by the blow pipe, two platina wires. The 
outer end of one wire is incurvatcd across, so as nearly 
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to touch the edge of the aperture ; tbat of the otlter is 
formed into a little hook, to allow a small spherical but- 
too to be attached to it, wheu the electrical spark is to be 
trwismitted. The two le^ of the syphon are from (Hie- 
fourth to one-half inch asunder. 

The sealed leg is graduated, by introducing suc- 
cessively equal weights of mercury from a measure 
glam tube. Seven ounces troy and 66 grains, occupy 
the space of a cubic inch ; and 84 and ^ grains represent 
fiv part of that volume. The other leg may be gra- 
duated also, though that is not necessary. The instru- 
ment is then finished. 

To use it, we first flit the whole syphon with mercury or 
water, which a little practice will render easy. We then 
introduce into the open leg, plunged into a pneumatic 
trough, any convenient quantity of the gases, from a 
glass measure tube, containing them previously mixed 
in determinate proportions. Applying a finger to the 
wifice, we hext remove it from the trough in whieb it 
stands like a simple tube ; and by a little dexterity, we 
transfer the gas into the sealed leg of the syphon. When 
we conceive enough to have been passed up, we remove 
the finger, and next bring the mercury to a level in both 
legs, either by the addition of a few drops, or by the dis- 
placement of a portion, by thrusting down into it a small 
cylinder of wood. We now ascertain, by careful inspec- 
tion, the volume of included gas. Applying the forefinger 
again to the orifice, so as also to touch the end of the 
platina wire, we then approach the pendent ball or but- 
ton to the electrical machine, and transmit the spark. 
Even wlien the included gas is in considerable quantity^ 
and of a strongly explosive power, we feel at the instant 
nothing but a slight push or pressure on the tip of the 
finger. After explosion, when condensation of volume 
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ensues, the finger will fuel pressed down to tbe orifice by 

the superincumbent atmosphere. On gradually sliding 
the finger to one side and admitting tbe air, the mercurial 
column in the sealed leg will rise more or less abore that 
IB the other. We then pour in this liquid metal tUI the 
equilibrium be again restored, when we read off as be- 
fore, without any reduction, the true resulting volume of 
gas. 

As we ought always to leave two or more inches of 
air between tbe finger and the mercury, this atmospheric 
column serves as a perfect recoil spring, enabling us to 
explode very large quantities without any inconveaience 
or danger. The manipulation is, also, after a little prac- 
tice, as easy as that of the single tube. But a peculiar 
advantage of this detachable instrument is, to enable us 
to keep our pneumatic troughs, and electrical machine, 
at any distance which convenience may require ; even in 
different chambers, which, in the case of wet weather or 
damp apartment, may be found necess^'y to ensure 
electrical excitation. In the immediate vidnity of the 
water pneumatic cistern, we know how often the electric 
spark refuses to issue from a good electrophorus^ or even 
a little machine. Besides, no discharging rod or com- 
municating wire is here required. Holding the eudiome- 
ter in the left hand, we turn the handle of the machjne, 
or lift tbe electrc^horus plate with the right, and, ap- 
proaching die little ball, the explosion ensues. The 
electrician is well aware that a spark so small as to excite 
no unpleasant feeling in the finger, is capable, when 
drawn off by a smooth ball, of inflaming combustible 
gas. Bven this trifling circumstance may be obviated, 
by hanging on a slender wire instead of applying the 
finger. 

We may analyze the residual gaseous matter by in' 
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troducing either a liquid or solid re-ageiit. We first 
fill the open leg nearly to the brim with quicksilver, and 
then place over it the substance whose action on the gas 
we wish to try. If liquid, it may be passed round into 
the sealed leg among the gas ; but if solid fused potash, 
for example, the gas must be brought round into the open 
leg, its orifice having been previously closed with a cork 
or stopper. After a proper interval, the gas being trans- 
ferred hack into' the graduated tube, the change of its 
volume may be accurately determined. With this eudio- 
meter and a small mercurial pneumatic cistern, we may 
perform pneumatic analysis on a very considerable scale4 

It may be desirable, in some cases, to have ready 
access to the graduated leg, in order to dry it speedily. 
This advantage is obtained, by closing the end of the 
syphon, not hermetically, but with a little brass cap 
screwed on, traversed vertically by a platina wire insu- 
lated in a bit of thermometer tube. After the apparatus 
has been charged with gas for explosion, we connect the 
spherical button with the top of the wire. 

With the above instrument I have exploded half a 
cubic inch of hydrogen mixed with a quarter of a cubic 
inch of oxygen ; as also, a bulk nearly equal of an ole- 
fiant gas explosive mixture, without any unpleasant 
concussion or noise ; so completely does the air chamber 
abate the expansive violence, as well as the loudness of 
the report. Projection of the mercury, or displacement 
of the gas, is obviously impossible. — Edin. Phil. 7V«hs. 
January 1819. 

TEST TUBES are tubes of thin glass, from ^ of 
an iiich to | of an inch in diameter, and from 3 inches to 
fi inches in length ; they are closed at one end by the 
blowpipe, and widened out into a lip at the opeu end. A 
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Uaiid conloiniig a numbw of these Is represented, plate 
XVI. 6g. 27. Tubeg of this kind, are of the greatest use 
m experimental chemistry, for the cxamioatioa of small 
portions <^ fluids, hj teats or re-ag^ts ; they are ala6 
▼ery coorenient iar holding small portions of fluiili, 
while heat is applied to them, orer the flame of a spirit 



' THERMOMETER. Tbisinstrnment wasoriginally 
inrented in Italy, by Sanctorios, a physician, who lired 
in the serenteenth century -, its form, asinTented by tint 
philosopher, is described at pas^e 83, under the head Aift 
Thbrmohbtek. The members of the Academy del 
Cimenio improved this instrument, by vaiag a liquid 
instead of air as the measure ef expansion. The liquid 
at first employed was coloured spirits of wine, which was 
inclosed in a tube hermetically sealed, to prer^it inju- 
rious effects arisinii; from rariations of atmospheric pres- 
sure. Mercury was afEerwards introduced as. the best 
thermomebic liquid, by Dr. Halley and Sir Isaac New- 
Ion. Mercurial thermometers are generally used, but 
spirit thermometers continue in use also, being most ap- 
plicable to some particular purposes. 

To construct a mercurial thermomet«', a bulb is 
blown at one end of a glass tube baring a very small 
bore ; the bulb is then very mudi heated, -and while it is 
bot, Uie opes end of the instrument is immersed in a 
vessel of qnicksilrer; as soon as the expanded portion 
of air that remains within the instrument, cools and 
contracts, the pressure of air, on the outside of the 
«puek«lTer in the ressel, will ftwce a considerable por- 
tion of tbat fluid to ascend into the instrument ; but it 
cannot be luffidently filled -the first time of beating t it 
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maat be ag^io betf^ and ugatD ifomecsed. nB^ it is 
sufficiently filled. The bulb tnuai ihen be he^^ once 
more, upt^ jtb«> nureury e^paads 90 as to fill tbe tabe 
fiotirely t 9* tbat laomeKt, th^ fiwne of a Ump, urged by 
^bjow-pipe, is directed upao the glass at the opoi part; 
jt is united, and b-ennetically sealed ; when the mercury 
cooIb, it sinks down in the tube, and as no air can get io* 
it will be obTiouB, that the space led by the mercury, 
wbe;! it contjcaats by cooling,' myat be a Taoaujn. The 
next st^ in tbe progress of preparing the instninwnt is, 
fa imqienie it 19 dissolving ice or snow ; when the mer- 
cury beooBKB stationary, a mark is made with a file 
fipon the glass of the tube at that put ; the instrument 
is then placed in wajter, which is nad^ to boil, and b» 
{loon m the piercury becomes stationary agua, another 
^ark is fnade upon the glass at that part ; the first mark 
indicates the frep^g point; the«ec««d, the boiling point 
of water. By these or similar marks^ the graduMien of 
jtbe.scal^, which is afterwards to 1leapplk^d,fluut b^re- 
gplated.. If Fahreaheit's ^eale is to bQ applied, then 
there mitft be 180 equal puts or de^'eea, between the 
boiling and t^e freezing points, as marked upon the 
glass, and below the freezing point, there must be S2 
inore «f the same equal divisions or degree^. From this 
point called zero, the divisions of the scale are nun^bercd 
upwardsi sometimes a little higher than 3119, the bpilin^ 
point of water, and sometimes rather biglier than the 
boiling point of mercury, wbicb is €45 degrees. It has 
geqeioUy been supposed, that tbe German artint,. Fahren- 
heit, Qommoioedbisscaleat.tlKtd^ree of cald.pn>dnii«d 
by mi^liDg anpin ajsd cemmw Salt, whu^b vas.llie lowest 
knowi^ in bis time. But the temperature of toow aad 
<;QiiUBon s^h, when mtegl^d tqgetber, is- 4 or 6 d 



DcmizedbvGoOglc 



lotver tlian tbe begiauiiig of Fahrenhsifs scale ; so that 
it is not now khowo, with certatnty, in what maDuer he 
obtained the temperatare with which his scale begins. 

The scale of Reaaouir commences at the freezing 
point of water which is maiked o, and is called Zero, 
The space between this point, and the boiling poiiit of 
water, is divided into eighty equal parts or degrees. 
Since each degree on Fahrenheit's scale ia equal to ^ths 
of a degree on Reauoier's, the correspondence between 
them may be found in the following manner ; if the num- 
ber of degrees on Fahrenheit's scale, either above or 
bdloff the freeaingpointof water, bemaltipliedby 4, and 
ttivided by 0, the quotient wilt be. the corresponding 
atimber on Reaumur's, to reduce those of Reaumur to 
those of Fahrenheit they must be multiplied by 9 and di- 
vided by 4. 

The scale of the Centigrade Thermometer commences 
at the freezing point of water, between whict and the 
boiling pCRBt are 100 equal divisions or degrees. One 
d^ree.on Fabrenheat'a scale, equals •ths of one degree 
on the centigrade scale. To make the indications on 
tiie last mentioned scales correspond, the number of 
degrees of Fahrenheit above or below the freezing point 
of water, are to be multiplied by 5 and divided by 9. 
To reduce degrees on the centigrade scale to those of 
Fahrenheit, their number must be multiplied by 9 and 
divided by 5. The centigrade Scale is much approved 
bysomephikraaphers, but Fahrenheit's lias one impott- 
ant advantage over it, in having its divisions much smal- 
ler ; on. this accomit, fractional parts, which arc often in- 
convenient, are the l^s requisite to be observed. 

Ih-.Mnrray was of opinion, that a thermometer with 
a scale, having the extreme points at the freezing aud 
boiling of taercury, and 1000 equal divisions between, 
would be preferable to any of tbe tlicrmometers in use. 
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Tbe adrabtflges of Bocb a tfaermometer are ttnu described 
by Dr. Murray. The degrees would be gmaller even 
than Fahrenheit's without being bo much so as to be 
iocoovenient, either in the constmctlon of the instru- 
ment, or For observalion '; fractional parts might in gene- 
ral be entirely disregarded ; and the commencement of 
Ae numeratioQ being so low, we should scarcely ev* 
Jiare to express negative degrees. The commencement 
of the scale would also be about the lowest natural tem^ 
peratsre. It seems the most natural method, too, to 
assume the freezing and boiling points of the fluid, 
which is the most accurate thermometrical one, and is 
most generally employed for that purpose, as the fixed 
poiata of the scale which its expansions are to measnre; 
These points, by careful experiments, might be fixed 
with accuracy, and the degrees which correspond wiUt 
the f reezing.and boiUng poin ts of water determined by ac- 
tualtiial; and this being done in the construction of the 
instrument, the common method might still be followed^ 
though the scale might be dirided and numbered in re- 
lation to the freezing and boiling points of qnicksilrer. 
Assuming the freezing and boiling points of quicksilver 
to be, according to Fahrenheit's scale, — 40, and -|-65S'; 
the freezing and boiling points' of water are 90 and 317 
OD this new scale. 

Tbe adrantagea of mercury as a tbermometrrc fluid, 
consist in its expanding more nnifbrmly than dcobol; in 
its being more readily aS^cted by changes of tempe- 
rature, and it is capaUe of measuring higher degrees'of 
temperature Aan any other fluid. As mercury does not 
bml until it is heated to 65& degrees of Fabrenheit^a 
senle, and as it does not freeze until it is cooled to 89 
degrees below zero of the same scale, it Is capable of 
measuring changes of temperature, from 71 degrees' 
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below the freezing point of water to 63S deg;rees above 
the same point. Alcohol is iocapable of meaiuriog 
changes of temperature above 182 degrees' of Fahren- 
heit, being at that heat converted into vapour, but it is 
very useful in measuring changes below the freezing 
point of mercury, as it has not been frozen by any de- 
gree of cold yet produced. 

Before the thermometer could be used with confidence 
as an indicator of changes of temperature, it was requi- 
site that the expansions and contractions of the thermo- 
metrical flnid used, should be proved to correspond in 
every degree, with the addition or abstraction of tem- 
perature. If, by the addition of a certain quantity of 
caloric at a low-temperature, a less or greater expansion 
is produced than by the same qnantity of heat at a 
higher temperature, the instrument cannot be considered 
accurate. To investigate this point, the following ex- 
periment was made by several eminent philosophers. A 
thermometer, the tube of which was found to be perfectly 
cylindrical, was immersed in hot water, and the pait 
of the tube where the fluid which it contained' became 
stationary, was marked ; the part was then marked at 
which the flnid became stationary when immersed ib 
colder water; the next step was to mix the hot and cold 
fluids, in order to ascertain if the temperature of the two, 
when mixfld, would be the mean between the diffe- 
rent temperatures. B«t the correct mean temperature 
cotdd not be attained. When a quantity of water, at 
45 degrees, was mixed with tm equal quantity at 800.7 
degrees, the temperature of the mixture was 3.5 degrees 
less than the arithmetical mean, as indicated by a mer- 
curial thermometer. From many similar experiments) 
similar results were obtained. In anotlier experiment, 
the mercurial thermometer placed in a mixture of equal 
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part« of water at32o and 2 IS" iadieated 1 igo instead of 
}2^ the mean temperature. Tb^mometers in vhich 
olire or lineeed oils were used, fj^re indicatioas atUl 
farther from the truth, standing at only 117" when 
plunged into a mixture of equal parts of water, at 32" 
anid 312; a thermometer with alcohoKplunged into a 
similar mixture inclicated only 108", and a thermometer 
coDtubiog Water, as a mieaaurer of expansion, gave only 
75° instead of 122, the real mean temperature. 

De Luc has remarked upon the foregoing experi* 
ments, that they proceed upon the assumption that the 
Capacity of nater for caloric is permanent, -within the 
range of temperature operated upon, while there is erery 
probability that there is an increase of capacity, from 
augmentation of its temperature. This property, the 
capacity for caloric, is connected, to a certain . extfent, 
with the volume a body occupies; now, the expansion of 
water prooeeding in an increasing ratio, the volume 
when two equal portions, at diSTerent temperatarw, are 
mixed together, must be below the mean ; there is ac- 
cordingly, in mixing equal portions of water at 32° and 
2I2a, a condebsation of volume, eqmd to about 1.90th 
of its bulk. This is probably accompanied with a dimu> 
tion of capacity, and from this eause a qiianttty of beat, 
must be given out in die experiment, which must rfusa 
the temperature above the true mead, or cause the re- 
sulting temperature to appeal higher than it truly is. 
The extent of this, however, it is not easy to determiae, 
as we do not know the relation between the change tX 
volume and the change of capacity. It may therefore 
be trivial. To obviate this objection more clearly, Dr. 
Crawford farther made the experiment of exposing the 
thermometer equally to the influence of air, cooled by 
snow to 33°, and of air heated by steam to 213, it rose 
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to 1810 ^ j remainad Kb^nary at '■ that ttmpeniuTe 
fifleea minutet, ttke time' during whidi tbe experimtiil 
wa^ continued. Itiodicatedi dierofore, a temperature, 
one degree inferior to tbe arithmetical mean, irti«n the 
di&r^ioe of temperature amoaatcd to - 160 degrees. 
Even tbia deviatioa frqm the predae arithmetical mean 
be aupposed to be dimimihed by admitting a correc- 
tion for Ibe effect of tbe temperature on tbe quantity of 
fluid in the stem of the tbermometer. Fcom ihese ex- 
periments this philosopher inferred that the nierourial 
tbennom0ter is an accurate measure of beat* and' ^o 
inferred from his experiments, combined witb> ihe ether 
mode of experiment, that tbe capacity of water for calo- 
ric scarcely Titries from 39" to 312°. 

Mr. Dalton muotaiBB, that' water, mercary, and, in 
gextoal, all t>ure bouogenons liquids, notwithstanding 
tbe apparrat dtvemty in tbeir rate of fflip^DsioD, expand 
according to the same law ; tbe qoentity of expansiob 
being as the square of the tempei>ature, from tbeEr re- 
spective freezing points, or points of greatest density ;' 
and he recoonnends tiie graduation of a mercurial -ther-' 
mometat upon tbis principle. Such a thermometer' 
would differ from the ordinary one with an equi-dlfferen- 
tial scale, by having its lower degrees smaller,' and the 
upper ones latger; the mean between freezing an4 
boiling water, or 132^ on tbe new Bca]e,*will be found 
about 110" on the old one. 

Respecting the principle of this thermometer, it has 
been asserted that it appears to rest more on analt^y 
than on direct experiments, and it is considered hypothe- 
tical by some of tbe ablest chemists of tbe present age. 

Of this, however, there appears to be no doubt, that 
the expansion of solid and fluid bodies is not equal for 
equal portions of heat applied to them ; the first portion 
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of heat- i4>(»li«l baviDg a gp-ost fivee o^ attraction tv 
OTercome, produces the least effect ; the tecond portion 
having leas attraction of ciAesion to cootesd with, occa- 
nona a g;reater degree of expansion ; and on the same 
account eyery SHCceeding equal portion of heat produces 
•a increased eflect, "^ Let 1000, sa^ Dr. Ure, repre- 
sent the eohesire attraction ; at the commencement, then, 
after receiring one- increment of caloric,^ it wttl become 
1000—1=989. Since the next unit of that diTellent 
agent will bare to combat onlj this dimioifAied cohesive 
ftM-ce, it will produce an effect greater than the first in 
the ]Ht>portion of 1000 to 999, and so on in continued 
. progression." This encreasing rate of expansion in 
fluids would certainly render the mercurial thermometer 
an incorrect indicator of changes of temperature, if the . 
dilatatioB of the glass bulb and tube did not afford a 
compensation ; for as the Auid expands, the capacity of 
the bulb and tube enlarges alsO) just in that proportion- 
wbich is required to oounteract the unequable expansion- 
of the fltiid within. This importuit fact has been proved' 
chiefly by the experiments of M. M. Du4ong and Petiti, 
who, taking advantage of the uniform expansion of air, 
used an air thermometer with which to compare the ex- 
pansions 'pf the mercurial thermometer, and the resulla 
ff their experimrata are expressed in the frilowing 
t»ble. 
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Table of Comparison of the MereuiHat and Ait 
Thermometer. 
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We are jnttified, therefore, in considering a mercurial 
^ermometer, that is skilfully made, a correct indicator' 
of dhuiges of temperature. Fig. 2, plate XIII. repre- 
Hents a mercurial thermometer, constructed in such a 
way, that the bulb may be immersed in any fluid to 
ascertain its temperature. Fig. 9, plate XUI. Fepreseuts 
a thermometer graduated as high as the boiling point of 
mercury, having a part of llie scale moveable to admit 
of the plunging of the bulb in any liquid. 

To enable observers to register the various changes 
in the temperature of the air, several differenttiiermome- 
ters have been invented. Six's thermometer, fig 9, 
plate XIV. has the bulb in the form of a lobg cylinder, 
the tube is bent down parallel with the cylinder and 
passing iinder it, rises in a parallel direction to the top 
on the other side ; the bulb is usually filled with spirit 
of wine, which is in contact with a portion of mercnry 
occupying tbe lower part of the tube, and the mercury 
iii succeeded by a second portion of spirit. Tbe mer- 
cury carries an index a> upon each oFitt surfaces ; when' 
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the fluid ID the cylinder ooDtracta, by cdd,the index on 
tfae left side will be pressed upwards, as long as the heat 
decreases, and will be retained at its greatest height by 
a weak spring. When the flnid in the cylinder expands 
by heat, it mast press upon the earface of the mercury 
in the left side of tlie tube, forcing it to rise higher in the 
right side : as long aa the heat continues to increase, the 
index wilt rise on the surface of the mercury iu the right 
side of the tube, and will be retained at the greatest 
height by its spring: it must he obvious, therefore, that 
the index on the side opposite the left hand will indicate 
the greatest d^;ree of cold, in any giren time, and the 
one on the right, the greatest degree of beat. The 
indexes being of iron or steel, may be brought back 
to their places by a magnet, applied to the outside of the 
iube. 

The arraDgement of thermometers by Rutherford is 
intended to answer a similar purpose. Two thermo- 
meters, with recurved bulbs, are placed horizontally in 
contrary directions, one containing mercury, and the 
other spirit of wine, fig. 5, plate X. One index is placed 
without the sur&ce of the mercury, the other within that 
of the spirit of wine. Thermometers of this kind are now 
most frequently made with recurved bulbs of a cylindri- 
cal form. 

Other self-registering thermometers have been invent- 
ed, one of the most remarkable of which keeps an ac-. 
count of the yartation of temperature for every instant, 
of time, by describing a line on a revolving barrel. 
Another self-registering thermometer,tbe invention of Mr. 
Crichton of Glasgow, as described by Dr. Ure, consists 
of two obloi^ slips. of steel and zinc, firmly fixed toge- 
ther by their faces ; so that the greater expansion or 
oontraction of the zinc, over tboss of the steel, by the 
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same vwiatieBS «fteniperatiiie,.cai»es» flsxore of tba 
compouad bar. As this-bac is secured at bne-end to a> 
board, ihe.wbole fleiare is exercised at tiie'Otber, tin the 
sfaortarm ota lever iadex, the fr«e eztronitir' ofwhich 
mores alonp a graduated arc. The itethimetit is on^- 
Dally adjusted oa a good mercurial thermometer;. and' 
tbe movemeats of the «rm are registered by two fine 
irirea, wbicfa are pushed before it, .aad remaiii .at tbe 
maximum deriation to tbe .right or left of the last ob- 
served position or temperature. Tbe prtuciple is tbe 
sameastbatof Arnold's compensatioD balance for Chro- 
nometers. 

M. Brequet has constructed an extremely delicate 
instrument upon tbe same principle. It consists of a 
narrow metallic slip at^out ^tb part of an inch thick, 
composed of silver and platina, soldered together; and 
it is coiled in a cyliudri(^ form. , Tbe top of this spiral 
tube is suspended by a brass arm, and the bottom car- 
ries, in a horizontfij position, a very delicate golden nee- 
dle, which traverses as an index, on a graduated circU' 
lar plate, a steel stud, rise^ in the centre of tbe tube, to 
prevent its oscillations from the central, position. If the 
silver be on the outside of tbe spwal, then tbe influence 
of increased temperature will increase the curvature, and 
move tbe appended neetie in tbe direction of the coil ; 
while tbe action of cold will relax the coil, and move the 
needle in tbe opposite direction. 

WATER (apparatus for the composition of) the con- 
trivances for this purpose are numerous. The most sim- 
ple is the detonating tube, fig. 5i. plate 1. Tbis t^be 
being charged with two parts by bulk, of pure hydrogjen, 
and one part of pure oxygen, over water,^ in th^ hydro- 
pneumatic trough, an electrical spark, passed through by 
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ttewires near the top, will infianie Ibe gaies; they wilfi 
combine with a flash of light, and inatantly disappearr 
while the tube is filled with water from the trough. But 
thia form of the experiment ahewa only the condensaticHi^ 
and not the minute quantity of water formed by the 
union of the gases. 

The apparatus called CaTendiah'a (ttiat philosopher 
having first successfoliy examined this subject,) affords 
an opportunity of performing this experiment more sucr 
cessfiiUy. The following wood'Cut represents this appa- 
ratus. 



M.^ 




It is composed of a very thick glass TCssel a, with a 
glass stopcoclc i, and a ground glass stopper c, which 
has two platmum wires d, passing through it, into llie 
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itislde of tbe Teasel. There is elso a colltir of brass 
ronnd the neck of the thick glass vessel, with two brass 
rods passing throagh it, for the purpose of receiviag 
a bar of the same metal, the intentioo of which is to keep 
down the stopper, when gases are exploded in the in- 
side. The bar is secured by a screw upon the end of 
each rod. A brass cap e, receives the lower part of the 
glass vessel, which is firmly fixed into it with cement ; / 
is a brass stopcock which admits of being unscrewed at 
the brass cap above or at the brass foot below. To use 
this apparatus it is fitst to be unscrewed from the brass 
foot, and attached to the plate of an air pump, or to bd 
exhausting syringe, that it may be exhausted of air; it 
most tbeu be screwed to the top of an air jar, standing 
upon the shelf of a pneumatic trou^, and containing a 
mixture of one volume of oxygen and two volumes of 
hydrogen ; as soon as a commnni cation is made between 
the exhausted vessel, by opeaingthe glass stopcocks, and 
the brass one^, the gas rushes up and fills the vessel ; it 
is then disengaged trom the jar and screwed to its foot 
again. A chain is then hooked to the wire on one side , 
of the glass stopper, and the operator, taking in his hand 
a small jar previously ohai^^ by being held in contact 
with the conductor of the electrical machine, and holding 
the end of the chain in the same hand, so that it may he 
in contact with the outside metallic coating of the jar, 
the brass knob of the jar is then made to touch the wire 
on the other side of the glass stopper ; this occasions the 
Jar to be discharged through th* gases^ which instantly 
combine with a flwh oflfght, and the inside of the vessel 
is covered with moisture. If the apparatus be now at- 
tached to the air jar again, and.the communication be- 
tween them be opened, another quantity of air will rush 
in to fill up the void occasioned by the combinalion of the 
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l^asCB, and t^ftmay^tUobeiaflBine^ by pauiagthe blee- 
^ical spark as b^ore, with the sanie results 

The apparatiu r^preaented by the oest wood cut, is 
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Veiy eodrenient for sbewin^ the formation of water, by 
bnrniog a curreDt of hydrogen in an atmosphere of 
oxygen. A is s glass jar containing water ; B is a re- 
ceiver filled with hydrogen; G and Dare two brass stop- 
cocks ; E is a jet pipe where the hydrogen is inflamed; 
F is a cylindrical glass vessel exhausted of .common air 
and filled with oxygen gas ; ' 6 is a platinum wire with a 
ball at each end, by which die dectrieal spark is applied 
to inflame the hydrogen. ' On slightly pressing down 
the jar filled with hydrogen into the water, at the same 
time opening the stopcocks C and D, the gas ascends 
and is instantly inflamed by the electrical spark, and 
burns with great beat, while tb% water, collects rapidly 
into drops, which will be seen trickling down on the in- 
side of the glass cylinder. 

But if it should be desired to perform this interesting 
experiment upon a larger scale, and with greater accu- 
racy, ether forms of apparatus must be adopted. Fig. ^ 
plate 5, represents an apparatus wbidi has been used fgr 
die production of considerable quantities of water; a a 
are tubes communicating with the gassholder for the snp- 
{dy of oxygen and hydrogen gases ; i is an exhausted 
glass vessel of a globular shape, in which the combostion 
is carried oaj c,& tube for carrying off the water formed 
by the combustion ; d, a brass plate perforated by the 
tnbea a a, and the wires e,—f the points of the wires by 
which the electrical spark is communicated. The appa- 
ratos called Cuthbertson's, is admirably adapted for this 
Cxpwiment, figs. 30 and 31, plate 1. It cohsislaofalarge 
globular receiver, open at the bottom to admit a pieoe of 
brass with two apertures, such as is represented on a 
Urger scale, at fig. 31 : the oxygen gas enters by the 
aperture a, and the hydrogen by the aperture b, from two 
gasometers. The directions given by Dr. Henry for 
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composing wMer with this apparatm, are rcry dear and 
at the same time concise. " Wben it is intended to asr 
certain accurately the proportions of gases' coocumed, 
and of water generated, the receirer a, prerion^y weighedi 
ia first exhausted by an air-pump, with which it may be 
-connected by the female screw at e, fig. 30. The qnaa- 
tity of commot air left in tbe receirw, ouy be determined 
hy enelosing ft guage within it. If tbe addttioofd ex- 
panse be not deemed an objection, it is adnseable, that 
aitxT exhausting tbe receirer, oxygen gas should be ad- 
mitted, its contents should be exhausted a second time, 
and again renewed by fresh oxygen from tbe gasometer, 
tbe quantity of friiiob may be observed by tbe gradaated 
scale. The receiver being thus filled with oxygen ^s, 
and accurately closed by a cock at e, a succession of 
sparks is to be passed, from the prime conductor <^ an 
eleclrical machine, between the platioa knob of tbe bent 
wire within tbe receiver, and the point of the brass cone. 
While tbe sparks are transmitted, the cock <I is to be 
opened. A stream of hydrogen gas will immediately 
issue from the aperture at the point of the cone, and will 
be inflamed by the electric spark, as represented fig. 31. 
The cock e is now to be opened, and the size of the flame 
of hydrc^en gas moderated by partly shutting the cook 
if. As the volume of hydrogen gas conaumed is double 
that of the oxygen, and the pipe whiob transmits it, is 
of less diameter than that conveying tbe latter, about 
twice tbe pressure is rec|nired to expel tbe hydrogen. 
This is given, by lessening, in that pr(^>wtion,tIiew«i^ 
of Ihe counterpoises of the gasometer containing hy- 
drogen. 

During the combustion, tbe nioveable vessel of each 
gasometer descends ; and by obs'>rving the graduated 
scales, it will be seen that tbe hydrogen v^uel ^Is twin 
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as ^uick as that which holds the oxygen gas. It ia ne- 
cessary to keep the receiver d cool by means of wet cloths, 
and when thU is done, the water which is produced will 
form into drops on the inside of the receiver, and cfritect 
at the bottom. At the conclusion of this experiment the 
receirer is to be again weighed, and the increase noted. 
The quantity of gases consumed is to be observed, and 
their actual weight computed. It will be found, that the 
weight of water produced is very nearly equal to that of 
the two gases expended; that is to say, for every hun- 
dred grains of water generated in the receiver, 88.3 
grains of oxygen gas, and 11.7 grains of hydrogen gas 
{equal by measure to about iHQ cubic inches of the 
ftMiner and 500 of the latter), will have disappeared from 
the gasometers." 

WATER — Dbcohposinq Afparatvs. (See Gun-bak- 
iiL Apparatus, page 164.) 

WELTER'S SAFETY TUBE— Is a contrivance 
for preventing the bursting of distillatory apparatus, in 
consequence of the sudden extrication or condensation of 
any gaseous b;ody during chemical processes, figs. 40 and 
41, plate 1. 

WOLLASTON'S (Da.) SCALE OF CHEMICAL 
EQUIVALENTS— The invention of this scale was 
made known in the first part of the Philosophical Trans- 
actions for 1814. It is a sliding scale intended to#n- 
swer at sight an indefinite number of questions, respect- 
'ng the composition and mutual decomposition of neu- 
tral aakts; and is calculated to facilitate the study and 
practice of chemistry. It gives the composition of any 
weight whatever of any of the salts contained on the 

u 
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Bcale, the quantity of any other salt necessary to decom- 
pose it, the quantity of new salt Aat will be formed, and 
many other similar things, which are perpetually occur* 
ring to the practical chemist, and cannot be answered 
without an arithmetical caloalation. 

The following^ extract from Dr. Wollaston's Paper 
will best deacribe the use of this important lustrument. 

" It is not my design in the table which follows this pa- 
per, to attempt a complete ennmeration of all those ele- 
ments or compounds which I suppose to be well ascer- 
tained, bnt merely to include some of those which most 
frequently occur. I do not o&r it as an attempt to 
correct the estimates that haTe been fonned by others, 
but as a method in which their results may be advaa- 
tageously applied in forming an easy approximation to 
any object of our enquiries. 

The means by which this is effected may be in pert 
understood by inspection of the Plate, (Plate 17,) in 
which will be seen the list of substances intended to be 
estimated, arranged on one or the other side of a scale 
of numbers in the order of their relative weighlsj and at 
•nch distances iroro each other, according to tbeir 
weights, that the series of number^ placed on a slidtngf 
scale can at pleasure be moved, so that any number ex- 
pressing the weight of a compound may be brought to 
correspond with the place of that compound in the ad- 
jacent column. The arrangement is then such, that the 
weight of any ingredient in its comporition, of any rea- 
-ge«t to be employed, or precipitate that might be ob- 
tained in its analysis, will be found opposite to the poiBt 
St which its respective name is placed. 

In order to show more clearly die use of this scale, the 
plate, (Plate 17) exhibits two different situations of the 
slider, in one of which oxygen is 10^ and other bodies 
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are IB their due {ffoportion to it, so that carbonic Bcid 
being 27^4, and lime S5.i6, carbonate of lime is placed 
at 63. 

Id the second figure, the slider is represented drawn 
upwards till 100 corresponds to muriate of soda, and 
accordingly the scale then shows how much of each sab- 
stance, contained in the table, is equiralent to 100 of 
common salt. It shews with regard to the different 
views of the analysis of this salt, that it contains 16.6 
drymnriatic acid, and 53.4 of soda, or 3S.8 sodium, imd 
13.6 oxygon; or if viewed as chloride of sodium, that it 
contains 60.2 chlorine and 39.8 sodium. With respect 
to reagents, it may be seen that 283 nitrate of 
lead, cootaioing 191 of litharge, employed to separate 
the muriatic acid, would yield a precipitate of 237 muri- 
ate of lead, and that there would then remain in solution 
nearly 146 nitrate of soda. It may at the same time be 
seen, that the aoid in this quantity of salt would save 
to make 232 corrosire sublimate, containing 185.5 red 
oxide pf mercury, or would make 91.5 muriale of ammo- 
nia composed of 6 muriatic gas (or hydro-muriatic acid) 
and 29.5 ammonia. The scale shews also, that for the 
purpose of obtaining the whole of the acid in distillation, 
the quantity of oil of vitriol required is nearly 84, and 
that the residuum of this distillation would be 122 dry 
sulphate of soda, from which mighi be obtainad, by 
crystallization, 277 of Glauber salt containing 155 water 
of crystallization. These and many more such answera 
appear at once by inspection, as soon as the weight -of 
any substance intended for examination is made by the 
motion of the slid^ correctly to correspond with its placa 
in the adjacent column. 

With respect to the method of laying down the din- 
aioBS of thia scMe, those who are accustiuned to the oae 
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of other sliding- rules, and are practically acquainted 
with their properties, will recognise upon the slider itself, 
the conunon Gunter's line of numbers (as it is termed,) 
and will be satisfied that the results which it gives are the 
same that would be obtained by arithmetical compata- 
-tion. 

Those who are acquainted with the doctrine of ra- 
tios, and with the use of logarithina as meamres of 
ratios, will understand the principle upon which this 
scale is founded, and will not need to be told that all the 
divisions are logometric, and consequently that the me- 
chanical addition and subtraction of ratios here performed 
by juxta-position, corresponds in effect to the multipli- 
cation and diriston of the numbers by which tboee 
ratios arc expressed in common arithmetical notation. 

To others who are not equally conversant with the na- 
ture of logarithms, and consequently have not so cor- 
rect acouception of themagnitudesof ratios,somefurther 
explanation of the mode in which the scale of equivii- 
lenlB is constructed, will,l presume, be acceptable. 

They will obserre, that the series of natural numbers 
are not placed at equal ioterrals on the scale ; but that 
at all equal intervals are fonsd numben which bear the 
same proportion to each other. In fig 3, plate 17, some 
of tbe larger intervals alone are represented on a line 
similarly divided. The succession of intervals, marited 
A, B, C, D, E, are all equal, and at these points of .di- 
visions are placed numbers, 1, S, 4, 8, 16, which increase 
progressively by the same ratio. And since the series 
3:6; 12 : 24, increase in tbe same ratio of 1' to 3, these 
intervids (plate 17, figS) a,6, c,</,e, are the same as the 
former. At another succesuon of different yet. equal in- 
tervals, marked F, 6, H, I, are placed numbers 1,3, 9, 37, 
whicb ittcreaM regularly by ao - equal ratio of 1 to 3^; 
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oBd by means of a pair of compaiSM it would be found 
that the interval from 3 to 6, or from 6 to 18 (wbioh are 
io the same ratio of 1 to 3) ia exactly equal to F, G, the 
iaterval between 1 and 3. As any single space repre- 
sents any one rath>, so the sum of any two or three equal 
spaces represent a double or triple ratio. If 1 beencreased 
three times by the ratio of 1 to 2, it becomes 8,- which 
-bears tol triple the ratio of 3 to 1. This ratio is therefwe 
rightly represented by A, D, which is the triple of A, B. 

The distances of the intermediate numbers 5, 7, 10, 
11, 13, &c. from 1, are likewise made proportional to the 
ratios which they hear to I, and are easily laid down by 
means of a table of logarithms ; for as these are arith- 
metic measures of the ratios which all numbers bear to 
unity, the spaces proportional to them become lioear 
representations of tbesame quantities. 

As the entire spaces AD, A E, represent the- ratios 
of 8 and of IS respectively to one, so the dilFerence D E 
represents the ratio of 8 and 16, which stand at D and K, 
to each other. And in the same manner, any other 
space, k, I, represents correctly the ratio of 7 to 13 ; so 
that the measure of a fraction expressed by quantities 
that are incommensurate, is rendered as obvious to sight 
as any simple multiple. And if a pair of compasses he 
opened to this interval, and transferred- to any other 
part of the scale, the points of the compasses will be 
found to rest upon numbers bearing the same proportion 
to each other as those from which the interval was trans- 
ferred. 

It is exactly in tbis manner that the various points in 
the column of equivalents indicate the several quantities 
sought in any g^ven position of the slider. The relative 
distances at which the articles are placed, represent so 
many different openings of the compassea rendered per- 
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manent and presented to view at once. In the table 
which X shall place at the end of this oqnmaDication, 
the relation of the rarious substances enumerated to 
eadi other is expressed by numbers. In the engraved 
scale of equiraleats, the ratios of these numbers are re- 
presented by logometric intervals, at which they are 
placed, their sereral positions being determined by those 
of their reapectire numbers on the slider, which is logo- 
metrically divided. 'Consequently all the several points 
in the column of equivalents will indicate numbers in the 
same due proportions to each other, whatever port of the 
scale may be presented to them. Those who seek infor- 
mation, may obtain it by inspection ; those who already 
possess it, may be able to correct the positions of some 
articles by direct comparison with the best analyses upon 
record, in whatever numbers the results of those ana- 
lyses may happen to be expressed. 

Another example will farther illustrate die application 
of this scale. Let us suppose that, in trying the strength 
of muriatic acid, 94 grains of carbonate oflime have been 
dissolved hy the acid. Then if 94 upon the slider be 
set exactly to carbonate of lime, it may be seen that the 
solution would yield 104 muriate of lime, consisting (^ 
33 lime, combined with 51 muriatic acid, which has dis- 
engaged 41 of carbtwic acid. The quantities of othe 
acids equivalent to 51 of muriatic acid, and of other 
bases equivalent to 53 of lime, appear hy inspection at 
the same time, and also the weights of various neutral 
compounds thatresult from their union, and are therefore 
equivalents in mutual decompoution. It will be aeen 
that to precipitate the muriatic acid by lead, we may take 
B solution of 310 nitrate of lead, 309 litharge, combined ' 
with 101 nitric acid, and shall then obtain 360 muriate 
of lead: that to precipitate the limet we may use 89 pure 
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potdih, and that there will then be in solution 140 mu- 
riate of potash ; or, if we employ sulphate of soda, 
303 of the cryBtallized salt witl precipitate 168 selenite, 
and leave iu solution 110 muriate of soda ; with a great 
variety of similar information at once presented to view, 
in the same position of the slider. 



THE END. 
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at Birmingham, Bristol, Chester, &c. &c. By FaanucK Accd>. 
Second Edition. 6vo. price 15a. in extra boards. 

" Hr. Accnm ia already 10 hvoQiably known In the public by hii former 
' — '■ Gaa, that any new prodnction from h? ' "-■ ' ■ '' 



dity by all those who are anxiOBi for accniale and comprehooiiFe prsetii 
inlormatioD on one af the moit ■Iriking' and aieful iuTcnIioiis or our exttai 
dinaryera. We are therefore relieved frDm the duly of encomium, vbich i 



hai confined hia aim to ulililv. It ia a clever and aatiafaclorv performaDee, of 
iadiipeniable utility to Ga* Hauufactnren and workmen, of big4i public in. 
lereii, handaonely g:ol up, and ably illut (rated." — Literary Oacetie. 

" Tbit work, elncidaling a discovery alreadv eatabJiahed, and applied to 
g-raadpublictitilily.ii entitled lo the DoUce of the curiou and icientiGe of 
all naliooi."— JUonfAiji Magaxine. 

J, Green, Printer, Leicestet- street. Leiceater-sijuare. 
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